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PercuCut™ Cut-Biopsy Needles 
from E-Z-EM provide reliable 
results in virtually all soft-tissue 
biopsies. Patented, specially 
designed “keyhole” cutting- 
edges on the cannula tip 
precisely core tissue samples. 
Ultra-thin-wall tubing maximizes 
sample size while minimizing 
needle gauge and patient 
trauma. 


` Three PercuCut needle designs 
allow the physician complete 
flexibility in obtaining a biopsy 
sample. 





Cul-Biopsy Needie—a keyhole 
cutting-edge cannula with 
stylet. Includes a unique syringe 
which creates and maintains 
negative pressure during the 
biopsy procedure. 





Coaxial Sheath Cut-Biopsy 
Needle—a three-part sheath/ 
cannula/stylet design for 
multiple samples through a 
single puncture. Our unique 
aspirating syringe system is also 
included. 





Self-Aspirating Cul-Biopsy 
Needle—a biopsy needle that 
cembines our keyhole-cutting 
technology with a specially de- 
signed self-aspirating diaphragm 
hub which permits one-hand 
operation without a syringe. 


PercuCut Needles have proven 
their ability to provide excellent, 
reliable histological and cyto- 
logical samples in virtually all 
soft-tissue biopsies. All use a 
straight-tracking trocar pointed 
stylet for precise placement, and 
are available in gauges and 
lengths to suit any application. 
For additional information on all 
of the PercuCut products, contact 
your local representative, or call 
E-Z-EM toll-free at 1-800-544-4624. 
In New York call 516-333-8230. 


E-Z-EM 
More than barium—much more 


E B E-ZEM, Inc. 


=. 7 Portland Avenue 
Westbury, N.Y. 11590 


CIRCLE 5 ON READER SERVICE CARD 
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Manufactured for E-2-EM by Angiomed® West Germany 


Reliable histological 
and cytological 
fine needle 
aspiration biopsies 

from E-ZEM 
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; better work flow, cost containment and patient = 
Everything is in the kit, including easy-to-follow 
instructions. No mixing, no enemas, no alcohol, no 
sugar, low sodium... and low cost. Easy to use for bet- 
ter compliance. 
Seeing is believing. Give Evac-Q-Kwik a trial. 


There's more. 

Take advantage of our service materials: 
O Inservice film for nurses [0 Multi-language instruc- 
tion sheets [O Radiology work sheets O “What to 
expect” booklet for patients. Ask your Adria Represen- 
tative, or drop us a line. Adria Laboratories, Columbus, 
Ohio 43215. 
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Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 200 
La Jolla, CA 92037-3218 Telephone: (619) 459-2229 

Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
addressed to the publisher: 

The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: (301) 528-4133 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusetts General Hospital, Boston, MA 02114. At the dis- 
cretion of the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJR will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. All accepted manuscripts are subject to editing. State- 
ments made in the article, including changes made by the 
Editor or manuscript editor, are the responsibility of the author 
and not of the AJR or its publisher. Authors will be sent the 
edited manuscript, galley proof, and proofs of illustrations. If 
the corresponding author will be unavailable to review galleys, 
arrangements should be made for a coauthor or colleague to 
read and return the proof. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the Study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion, including relevant background information. 

Methods. Describe the research plan, the materials (or 
Subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the Study. When results differ 
from those of previous investigators, explain the discrepancy. 
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AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the Original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

If appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A5.) 

The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables. fig- 
ure legends, and figures. 

Informed consent has been obtained from patients” 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 

The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress and phone number are given. 
—__— Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 


An abstract of approximately 200 words concisely 
States the purpose, methods, and results of the Study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 


References Abbreviations are defined in an explanatory note 


below each table. 
References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- data civ o are ne eel ant GO: HOE SUPICO 
eee oe order in rises e KAE the text. : All arithmetic ees totals, differences) has 
references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). igi et na 5 = OOGUNESY AA NE CARS) 
Unpublished data are not cited in the reference list, ON ayers ware re 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 


This includes papers submitted, but not yet accepted, for Figures and Legends 


publication. 
Inclusive page numbers (e.g., 333-335) are given = Two complete sets of original figures are submitted 
for all references. unmounted in labeled envelopes. 
Journal names are abbreviated according to Index | —————— Figures are clean, unscratched, 5 x 7 in. (13 x 18 
Medicus. cm) glossy prints with white borders. A separate print is 
Style and punctuation of references follow the for- submitted for each figure part. 
mat illustrated in the following examples (all authors are listed  ———— All figure parts relating to one patient are in one 
when six or less; when seven or more authors, the first three figure. 
are listed, followed by “et al.”): = Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
Journal article figures, labeling is done on a gummed label, which is then 


1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic affixed to the back of the print Never use labels on color 
appearance. AJR 1986;146: 1257-1260 Sa ai 
ie figures, but write figure number on the back lightly in pencil. 


oE eee Te sie ais ee Never use ink on front or back of any figures. 
. Smi , Cohen AR. Pathology of tumors, . Baltimore: Williams ’ : 
Wilkins, 1977:100-109 Author's names are not written on the backs of 


Chapter in a book figures. 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone caer ener Only removable (rub-on) arrows and letters are used 
metastases. Baltimore: Williams & Wilkins, 1983: 165-180 on the figures. Symbols are uniform in size and style and are 


Paper presented at a meeting not broken or cracked. 


4. Lau FS, Kirk AN, Beck RA. MR imaging of the spine. Presented at the ______ Images are uniform in size and magnification. 
annual meeting of the American Roentgen Ray Society, Washington, DC, April ____ Line drawings are done in black ink on a white 
1986 background. They are professional in quality, and all use the 


same size type. (Only glossy prints are acceptable.) 
Written permission has been obtained for use of alll 
Each table is typed double-spaced on a separate previously published illustrations (and copies of permission 


Tables 


page without vertical or horizontal rules; each has a short, letters are included), and an appropriate credit line is given in 

descriptive title. Tables do not exceed two pages in length the legends. 

and contain at least four lines of data. _______ Legends are typed double-spaced, and figure num- 
Tables are numbered in the order in which they are bers correspond with the order in which the figures are cited 

cited in the text. in the text. 
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the American Roentgen Ray Society recognizes that works prepared by officers or employees of the United States government as part of their official government 
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Authors reserve all proprietary rights other than copyright, such as patent rights and the right to use all or part of this article in future works of their own. The 
authors retain the right of replication, subject only to crediting the original source of publication and receiving written permission from the publisher. 

Authors guarantee that this manuscript contains no matter that is libelous or otherwise unlawful, invades individual privacy, or infringes any proprietary rights. 

Authors understand that they will receive no royalty or other compensation from the American Roentgen Ray Society or the publisher. 

Authors guarantee that the editor has been or will be informed of any proprietary or commercial interest or conflicts of interest the authors may have that relate 
directly or indirectly to the subject of this article. 

Finally, the authors certify that none of the material in this manuscript has been published previously or is currently under consideration for publication elsewhere. 
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Case Reports 





A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
shortened accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 















































Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. No abstract is necessary. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 





















Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 










Technical Notes 





A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 


a 
Letters to the Editor and Replies 
Letters to the Editor and Replies should offer objective 


and constructive criticism of published articles. Letters 
may also discuss matters of general interest to raciolo- 
gists. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Sig- 
nature and affiliation should appear at the end of the letter. 
Titles for letters should be short and pertinent. The title for 
a reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewntten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
_ ters to the Editor and Replies. 
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Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 








All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist depen f 
Copyright Agreement. 
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RIGHT FILM 








Whatever the procedure, there’ always a Kodak film 
for the job. Always with the quality you've come to 
expect from Kodak. 


There’ a Kodak film for every diagnostic imaging modality 
and procedure—including extremities, mammography, 
photofluorography, cinefluorography, duplicating and 
radiation therapy. In fact, there’ usually an array of films 
for each purpose, so there’ not only one that’ right 

for the job, but right for the particular subject as well. 








They re all there when you need them, 
each with the consistent quality you expect 
trom any Kodak product. All with the 
service and support that help make them 
as cost-effective as they are good. Your 
Kodak representative has the details. 





The new vision of Kodak 





© Eastman Kodak Company, 1987 


Kodak 


Official Diagnostic 
Imaging Products 
Sponsor of the 1988 
Olympic Games 
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In iti contrast procedures 





iopamidol injection 


THE CLEAR CHOICE 


A broad range 
of indications 


Peripheral arteriography 

Coronary arteriography and 
ventriculography 

IVP (excretory urography) 

Myelography (lumbar, thoracic, 
cervical, total columnar) 

Cerebral arteriography 

CT head and body imaging 

CT cisternography and 
ventriculography 

Visceral arteriography (selective) 

Aortography 

IA-DSA 

Peripheral venography 
(phlebography) 








The only nonionic contrast agents you need to stock 


rt sry 


CIRCLE 14 ON READER SERVICE CARD 


Please see brief summary of prescribing information on adjacent pages. 
This product is under license from Bracco Industria Chimica, S.p.A. U.S. Patent #4,001,323 


© 1988 E.R. Squibb & Sons, Inc., Princeton, NJ 647-508 Issued: January 1988 


ISOVUE"-128 (lopamidol Injection 26%) 
ISOVUE"-200 (lopamidol Injection 41%) 
ISOVUE"-300 (lopamidol Injection 61%) 
ISOVUE"-370 (lopamidol Injection 76%) 
ISOVUE-M* 200 (lopamidol Injection 41%) 
ISOVUE-M* 300 (lopamidol Injection 61%) 


INDICATIONS AND USAGE 


ISOVUE (lopamidol Injection) is indicated for intra-arterial digital subtraction angiography 
(DSA) of the cerebral and abdominal vasculature and for angiography throughout the cardio- 
vascular system, including cerebral and peripheral arteriography, coronary arteriography and 
ventriculography, selective visceral arteriography and aortography, peripheral venography 
(phlebography), and intravenous excretory urography and intravenous contrast enhancement 
of computed tomographic (CECT) head and body imaging. 

ISOVUE-M (lopamidol Injection) is indicated for intrathecal administration in neuroradiology 
including myelography (lumbar, thoracic, cervical, totalcolumnar),andforcontrastenhancement 
of computed tomographic (CECT) cisternography and ventriculography. 
CONTRAINDICATIONS 


ISOVUE (lopamidol Injection) 

None. 
ISOVUE-M (lopamidol Injection) 

Intrathecal administration of corticosteroids with iopamidol is contraindicated. Because of 
overdosage considerations, immediate repeat myelography in the event of technical failure is 
contraindicated (see interval recommendation under DOSAGE AND ADMINISTRATION). Mye- 


lography should not be performed in the presence of significant local or systemic infection 
where bacteremia is likely. 

WARNINGS 

ISOVUE-M (lopamidol Injection) 

The need for myelographic examination should be carefully evaluated. lopamidol should be 
administered with caution in patients with increased intracranial pressure or suspicion of 
intracranial tumor, abscess or hematoma, those with a history of convulsive disorder, severe 
cardiovascular disease, chronic alcoholism, or multiple sclerosis, and elderly patients. Partic- 
ular attention must be given to state of hydration, concentration of medium, dose, and tech- 
nique used in these patients. 

If frankly bloody cerebrospinal fluid is observed, the possible benefits of a myelographic 
examination should be considered in terms of risk to the patient. 

Patients on anticonvulsant medication should be maintained on this therapy. 

Direct intracisternal or ventricular administration for standard radiography (without comput- 
erized tomographic enhancement) is not recommended. Inadvertent intracranial entry of a 
large or concentrated bolus of the contrast medium, which increases the risk of neurotoxicity, 
can be prevented by careful patient management. Also, effort should be directed to avoid rapid 
dispersion of the medium causing inadvertent rise to intracranial levels (e.g., by active patient 
movement). If such intracranial entry of the medium occurs, prophylactic anticonvulsant treat- 
ment with diazepam or barbiturates orally for 24 to 48 hours should be considered. 

Use of medications that may lower the seizure threshold (phenothiazine derivatives, including 
those used for their antihistaminic properties; tricyclic antidepressants; MAO inhibitors; CNS 
stimulants; analeptics; antipsychotic agents) should be carefully evaluated. While the contribu- 
tory role of such medications has not been established, some physicians have discontinued 
these agents at least 48 hours before and for at least 24 hours following intrathecal use. 

Focal and generalized motor seizures have been reported after intrathecal use of water- 
soluble contrast agents including iopamidol. In several of those cases reported with iopamidol, 

*higher than recommended doses were employed. Therefore avoid: 


@ Deviations from recommended neuroradiologic procedure or patient management. 

è Use in patients with a history of epilepsy unless medically justified. 

@ Overdosage. 

® intracranial entry of a bolus or premature diffusion of a high concentration of the medium. 
@ Failure to maintain elevation of the head during the procedure, on the stretcher, and in bed. 
è Excessive and particularly active patient movement or straining. 

ISOVUE (lopamidol Injection) 

Caution must be exercised in patients with severely impaired renal function, those with com- 
bined renal and hepatic disease, or anuria particularly when larger doses are administered. 

Radiopaque diagnostic contrast agents are potentially hazardous in patients with multiple 
myeloma or other paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither the contrast agent 
nor dehydration has been proved separately to be the cause of anuria in myelomatous patients, 
it has been speculated that the combination of both may be causative. The risk in myelomatous 
patients is not a contraindication; however, special precautions are required. 

Contrast media may promote sickling in individuals who are homozygous for sickle cell dis- 
ease when injected intravenously or intraarterially. 

Administration of radiopaque materials to patients known or suspected of having pheo- 
chromocytoma should be performed with extreme caution. If, in the opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures may 
be performed; however, the amount of radiopaque medium injected should be kept to an abso- 
lute minimum. The blood pressure should be assessed throughout the procedure and mea- 
sures for treatment of a hypertensive crisis should be available. These patients should be 
monitored very closely during contrast-enhanced procedures. 

Reports of thyroid storm following the use of iodinated radiopaque diagnostic agents in 
patients with hyperthyroidism or with an autonomously functioning thyroid nodule suggest that 
this additional risk be evaluated in such patients before use of any contrast medium. 


PRECAUTIONS 
General 


Diagnostic procedures which involve the use of any radiopaque agent should be carried out 
under the direction of personnel with the prerequisite training and with a thorough knowledge 
of the particular procedure to be performed. Appropriate facilities should be available for cop- 
ing with any complication of the procedure, as well as for emergency treatment of severe 
reaction to the contrast agent itself. After parenteral administration of a radiopaque agent, 
competent personnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients 
with advanced vascular disease, diabetic patients, and in susceptible nondiabetic patients 
(often elderly with preexisting renal disease). Patients should be well hydrated prior to and 
following iopamidol administration. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardio- 
vascular reactions, should always be considered (see ADVERSE REACTIONS). Patients at in- 
creased risk include those with a history of a previous reaction to a contrast medium, patients 
with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity 
(bronchial asthma, hay fever, and food allergies). The occurrence of severe idiosyncratic reac- 
tions has prompted the use of several pretesting methods. However, pretesting cannot be relied 
upon to predict severe reactions and may itself be hazardous for the patient. It is suggested that 
a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection 
of any contrast medium, may be more accurate than pretesting in predicting potential adverse 
reactions. A positive history of allergies or hypersensitivity does not arbitrarily contraindicate 
the use of a contrast agent where a diagnostic procedure is thought essential, but caution 
should be exercised. Premedication with antihistamines or corticosteroids to avoid or minimize 


possible allergic reactions in such patients should be considered (see CONTRAINDICATIONS). 
Reports indicate that such pretreatment does not prevent serious life-threatening reactions, 
but may reduce both their incidence and severity. 

General anesthesia may be indicated in the performance of some procedures in selected 
patients; however, a higher incidence of adverse reactions has been reported with radiopaque 
media in anesthetized patients, which may be attributable to the inability of the patient to iden- 
tify untoward symptoms, or to the hypotensive effect of anesthesia which can reduce cardiac 
output and increase the duration of exposure to the contrast agent. 

Even though the osmolality of iopamidol is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in the circu- 
latory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforat- 
ing the vessel wall should be borne in mind during catheter manipulations and contrast 
medium injection. Test injections to ensure proper catheter placement are suggested. Follow- 
ing arteriographic procedures, gentle pressure hemostasis is required, followed by observa- 
tion and immobilization of the limb for several hours to prevent hemorrhage from the site of 
arterial puncture. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than ionic contrast media at comparable concentrations. For this 
reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast in syringes and 
catheters should be avoided. 

Selective coronary arteriography should be performed only in selected patients and those 
in whom the expected benefits outweigh the procedural risk. The inherent risks of angio- 
cardiography in patients with chronic pulmonary emphysema must be weighed against the 
necessity for performing this procedure. Angiography should be avoided whenever possible 
in patients with homocystinuria, because of the risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required when 
venography is performed in patients with suspected thrombosis, phlebitis, severe ischemic dis- 
ease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to avoid extravasation and 
fluoroscopy is recommended. This is especially important in patients with severe arterial or 
venous disease. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Information For Patients 

Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, 
homozygous sickle cell disease, or known thyroid disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any reactions to 
previous injections of substances used for x-ray procedures (see PRECAUTIONS, General). 

4. inform your physician about any other medications you are currently taking, including 
nonprescription drugs, before you have this procedure. 


Drug Interactions 

Renal toxicity has been reported in a few patients with liver dysfunction who were given oral 

cholecystographic agents followed by intravascular contrast agents. Administration of 

intravascular agents should therefore be postponed in any patient with a known or suspected 

hepatic or biliary disorder who has recently received a cholecystographic contrast agent. 
Other drugs should not be admixed with iopamidol. 


Drug/Laboratory Test Interactions 
The results of PBI and radioactive iodine uptake studies, which depend on iodine estimations, 
will not accurately reflect thyroid function for up to 16 days following administration of iodinated 
contrast media. However, thyroid function tests not depending on iodine estimations, e.g., T3 
resin uptake and total or free thyroxine (T4) assays are not affected. 

Any test which might be affected by contrast media should be performed prior to administra- 
tion of the contrast medium. 


Laboratory Test Findings 

In vitro studies with animal blood showed that many radiopaque contrast agents, including 
iopamidol, produced a slight depression of plasma coagulation factors including prothrombin 
time, partial thromboplastin time, and fibrinogen, as well as a slight tendency to cause platelet 
and/or red blood cell aggregation (see PRECAUTIONS, General). 

Transitory changes may occur in red cell and leucocyte counts, serum calcium, serum creat- 
inine, serum glutamic oxalacetic transaminase (SGOT), and uric acid in urine; transient albu- 
minuria may occur. 

These findings have not been associated with clinical manifestations. 


Carcinogenesis, Mutagenesis, Impairment Of Fertility 
In animal reproduction studies performed on rats, intravenously administered iopamidol did 
not induce adverse effects on fertility or general reproductive performance. 
In studies to determine mutagenic activity, iopamidol did not cause any increase in 
mutation rates. 
Pregnancy Category B 
No teratogenic effects attributable to iopamidol have been observed in teratology studies 
performed in animals. There are, however, no adequate and well controlled studies in pregnant 
women. It is not known whether iopamidol crosses the placental barrier or reaches fetal tis- 
sues. However, many injectable contrast agents cross the placental barrier in humans and 
appear to enter fetal tissues passively. Because animal teratology studies are not always pre- 
dictive of human response, this drug should be used during pregnancy only if clearly needed. 
Radiologic procedures involve a certain risk related to the exposure of the fetus to ioniz- 
ing radiation. 
Labor and Delivery 
It is not Known whether use of contrast agents during labor or delivery has immediate or 
delayed adverse effects on the fetus, prolongs the duration of labor or increases the likeli- 
hood that forceps delivery or other obstetrical intervention or resuscitation of the newborn 
will be necessary. 


Nursing Mothers 

It is not known whether iopamidol is excreted in human milk. However, many injectable contrast 
agents are excreted unchanged in human milk. Although it has not been established that seri- 
ous adverse reactions occur in nursing infants, caution should be exercised when intravascular 
contrast media are administered to nursing women because of potential adverse reactions, 
and consideration should be given to temporarily discontinuing nursing. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
ISOVUE (lopamidol Injection) 

Adverse reactions following the use of iopamidol are usually mild to moderate, self-limited, 
and transient. 

In a Clinical trial with 100 patients undergoing intra-arterial DSA, adverse reactions possibly 
attributed to ISOVUE-128 administration were nausea (2%), headache (1%) and vomiting (1%). 
One patient with preexisting renal impairment and severe bilateral renal vascular disease ex- 
perienced renal failure, possibly secondary to a subsequent acute episode of congestive heart 
failure and/or drug administration (see Warnings). 


In angiocardiography (597 patients), the adverse reactions with an estimated incidence of 
one percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 
1.3%; hypotension 1.0%; hives 1.0%. 

Intravascular injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral arteriography and venography; pain and warmth are less fre- 
quent and less severe with ISOVUE (lopamidol Injection) than with diatrizoate meglumine and 
diatrizoate sodium injection. 

The following table of incidence of reactions is based on clinical studies with ISOVUE in 
about 1941 patients. 


Adverse Reactions 
Estimated Overall Incidence 
System > 1% < 1% 


Cardiovascular none tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 
vasovagal reaction 
tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 
dyspnea 

pulmonary edema 
Skin anc Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 
back spasm 

taste alterations 
nasal congestion 
visual disturbances 
Lrogenital none urinary retention 


Regardless of the contrast agent employed, the overall estimated incidence of serious ad- 
verse reactions is higher with coronary arteriography than with other procedures. Cardiac de- 
compensation, serious arrhythmias, or myocardial ischemia or infarction may occur during 
coronary arteriography and left ventriculography. Following coronary and ventricular injections, 
certain electrocardiographic changes (increased QTc, increased R-R, T-wave amplitude) and 
certain hemodynamic changes (decreased systolic pressure) occurred less frequently with 
ISOVUE (lopamidol Injection) than with diatrizoate meglumine and diatrizoate sodium injec- 
ïon; increased LVEDP occurred less frequently after ventricular iopamidol injections. 

In aortography, the risks of procedures also include injury to the aorta and neighboring 
crgans, pleural puncture, renal damage including infarction and acute tubular necrosis with 
oliguria and anuria, accidental selective filling of the right renal artery during the translumbar 
procedure in the presence of preexisting renal disease, retroperitoneal hemorrhage from the 
translumbar approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. 

Adverse effects reported in clinical literature for iopamidol include arrhythmia, arterial spasms, 
rematuria, periorbital edema, involuntary leg movement, malaise, and triggering of deglutition; 
some of these may occur as a consequence of the procedure. Other reactions may also occur 
with the use of any contrast agent as a consequence of the procedural hazard; these include 
hemorrhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal chem- 
istry tests. Arterial thrombosis, displacement of arterial plaques, venous thrombosis, dissec- 
ton of the coronary vessels and transient sinus arrest are rare complications. 


ISOVUE-M (lopamido! injection) 

The most frequently reported adverse reactions following intrathecal administration of iopamidol 
are headache, nausea, vomiting and musculoskeletal pain. These reactions usually occur 1 to 
10 hours after injection, almost all occurring within 24 hours. They are usually mild to moderate 
in degree lasting for a few hours and usually disappearing within 24 hours. Rarely, headaches 
may be severe or persist for days. Headache is often accompanied by nausea and vomiting, 
and tends to be more frequent and persistent in patients not optimally hydrated. 

Backache, neck stiffness, numbness and paresthesias, leg or sciatic-type pain occurred 
less frequently, often in the form of a transient exacerbation of preexisting symptomatology. 
Transient alterations in vital signs may occur and their significance must be assessed on an 
individual basis. 

The following table of incidence of reactions is based on clinical studies with ISOVUE-M 
dopamidol Injection) in about 615 patients. 


Nervous pain (2.8%) 


burning sensation (1.4%) 


Digestive nausea (1.2%) 


Respiratory none 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%) 


Adverse Reactions 
Estimated Overall Incidence 
System > 1% < 1% 
Body as a Whole headache (18.1%) pyrexia 
muscle weakness 
hot flashes 
malaise 
fatigue 
weakness 
Digestive nausea (7.3%) diarrhea 
vomiting (3.7%) heartburn 
Musculoskeletal back pain (2.3%) leg cramps 
leg pain (1.4%) sciatica 


neck pain (1.1%) cervicobrachial irritation 

meningeal irritation 

radicular irritation, 
lumbosacral 

other musculoskeletal pain 

involuntary movement 

burning sensation 

tachycardia 

hypertension 

chest pain 


Cardiovascular hypotension (1.1%) 


Adverse Reactions (con’t) 
Estimated Overall Incidence 
System > 1% < 1% 
Nervous none emotional stress 
dizziness 
paresthesia 
confusion 
hallucinations 
lightheadedness 
syncope 
numbness 
cold extremities 
Urogenital none urinary retention 
Respiratory none dyspnea 
Skin and Appendages none rash 
Miscellaneous none injection site pain 


Other adverse effects reported in clinical literature for iopamidol include facial neuralgia, 
tinnitus, and sweating. 

Major motor seizures have been reported in the clinical literature and since market introduc- 
tion in the United States. Early onset of seizures (less than two hours) is indicative of early 
substantial intracranial entry. Transitory EEG changes occur and usually take the form of slow 
wave activity. 

While not observed in controlled clinical studies with ISOVUE-M (lopamidol Injection), or 
reported in clinical literature, the following adverse reactions may occur because they have 
been reported with other nonionic contrast agents: cardiovascular (arrhythmias); aseptic men- 
ingitis syndrome; allergy or idiosyncrasy (chills, pruritus, nasal congestion, Guillain-Barre syn- 
drome); CNS irritation (psycho-organic syndrome: mild and transitory perceptual aberrations 
such as depersonalization, anxiety, depression, hyperesthesia, disturbances in speech, sight, 
or hearing, and disorientation; in addition, hyperreflexia or areflexia, hypertonia or flaccidity, 
restlessness, tremor, echoacousia, echolalia, asterixis or dysphasia have occurred). Profound 
mental disturbances have rarely been reported (various forms and degrees of aphasia, mental 
confusion or disorientation); the onset is usually at 8 to 10 hours and lasts for about 24 hours 
without aftereffects. 

However, occasionally they have been manifest as apprehension, agitation, or progressive 
withdrawal to the point of stupor in several instances. In a few cases, these have been accom- 
panied by transitory hearing loss or other auditory symptoms and visual disturbances (believed 
subjective or delusional). Persistent cortical loss of vision in association with convulsions, and 
ventricular block have been reported. Rarely, persistent though transitory weakness in the leg 
or ocular muscles has been reported. Peripheral neuropathies have been rare and transitory. 
They include sensory and/or motor or nerve root disturbances, myelitis, persistent leg muscle 
pain or weakness, or sixth nerve palsy, or cauda equina syndrome. Muscle cramps, fascicula- 
tion or myoclonia, spinal convulsion, or spasticity are unusual. 


General Adverse Reactions To Contrast Media 

Reactions known to occur with parenteral administration of iodinated ionic contrast agents 
(see the listing below) are possible with any nonionic agent. Approximately 95 percent of ad- 
verse reactions accompanying the use of other water-soluble intravascularly administered 
contrast agents are mild to moderate in degree. However, life-threatening reactions end fatali- 
ties, mostly of cardiovascular origin, have occurred. 

Reported incidences of death from the administration of other iodinated contrest media 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients (0.01 percent). Most 
deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest with 
cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive col- e 
lapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
20,000 (0.005 percent) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. Chemotoxic reactions result from the physico-chemical proper- 
ties of the contrast medium, the dose, and the speed of injection. All hemodynamic distur- 
bances and injuries to organs or vessels perfused by the contrast medium are included in this 
category. Experience with iopamidol suggests there is much less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography. Fewer changes are noted in ventricular function after 
ventriculography and coronary arteriography. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 
to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of drug 
injected, the speed of injection, the mode of injection, and the radiographic procecure. Idio- 
syncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions 
are self-limited and of short duration; the severe reactions are life-threatening and treatment is 
urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. Most adverse reac- 
tions to intravascular contrast agents appear within one to three minutes after the start of 
injection, but delayed reactions may occur (see PRECAUTIONS, General). 

Because measurable plasma levels are attained following the intrathecal administration of 
iopamidol, adverse reactions reported with the use of intravascular contrast agents are theo- 
retically possible. In addition to the adverse drug reactions reported for iopamidol, tne follow- 
ing additional adverse reactions have been reported with the use of other intravasculer contrast 
agents and are possible with the use of any water-soluble iodinated contrast agent: 
Cardiovascular: vasodilation, cerebral hematomas, petechiae, hemodynamic disturbances, 
sinus bradycardia, transient electrocardiographic abnormalities, ventricular fibrillation. 
Digestive: nausea, vomiting, severe unilateral or bilateral swelling of the parotid and submaxil- 
lary glands. 

Nervous: paresthesia, dizziness, convulsions, paralysis, coma. 

Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, 
rhinitis, dyspnea. 

Skin and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis. 

Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, pain. 

Special Senses: bilateral ocular irritation; lacrimation; conjunctival chemosis, infection, and 
conjunctivitis; itching. 

The following reactions may also occur: neutropenia, thrombophlebitis, flushing, pallor. weak- 
ness, severe retching and choking, wheezing, cramps, tremors, and sneezing. 

HOW SUPPLIED 

ISOVUE-128: 10 x 50 mL vials; ISOVUE-200: 10 x 50 mL vials and 10 x 100 mL bottles: 
ISOVUE-300: 10 x 50 mL vials and 10 x 100 mL bottles and 10 x 150 mL bottles; ISCVUE-370: 
10 x 50 mL vials and 10 x 100 mL, 10 x 150 mL and 10 x 200 mL bottles; ISOVUE-M 200: 10 x 20 mL 
vials; ISOVUE-M 300: 10 x 15 mL vials. 

STORAGE 

ISOVUE* and ISOVUE-M® (iopamidol injection) should be stored at room temperature not 
exceeding 86° F Protect from light. 

For full prescribing information consult package insert. 

J3-702A/J3-652E/J3-653E. 
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Patients prefer GoLYTELY because it’s a more conven- 
ient routine to follow at home and it’s usually well tolerated, 
even by older patients.? And since it’s premeasured—just 
make up to volume in its own container with tap water— 
GoLYTELY guards against incorrect or inadequate usage. 


Professionals prefer GoLYTELY because it can keep 
more patients ambulatory longer. For hospitalized patients, 
GoLYTELY can reduce length of stay because the prep 
takes less time. 


With a clean bowel, repeat exams are less frequent— 

a plus under DRGs. Prescribed volumes of GoLYTELY 
solution can be given without significant change in water or 
electrolyte balance. 


BRIEF SUMMARY: Before prescribing, see package insert or PDR. 


INDICATIONS AND USAGE: GoLYTELY is indicated for bowel cleansing prior to 
colonoscopy and barium enema x-ray examination. 


CONTRAINDICATIONS: GoLYTELY is contraindicated in patients with gastrointestinal 
obstruction, gastric retention, bowel perforation, toxic colitis, or toxic megacolon. 


WARNINGS: No additional ingredients—eg, flavorings—should be added to the solution. 
GOoLYTELY should be used with caution in patients with severe ulcerative colitis. 


PRECAUTIONS: General: Patients with impaired gag reflex, unconscious or semiconscious 
patients, and patients prone to regurgitation or aspiration should be observed during the 
administration of GoLYTELY, especially if it is administered via nasogastric tube. If a patient 
experiences severe bloating, distention, or abdominal pain, administration should be slowed 
or discontinued temporarily until the symptoms abate. If gastrointestinal obstruction or 
perforation is suspected, appropriate studies should be performed to rule out these 
conditions before administration of GoLYTELY. 


ADVERSE REACTIONS: Nausea, abdominal fullness, and 
bloating are the most common adverse reactions (occurring in 
up to 50% of patients) to administration of GoLYTELY. 
Abdominal cramps, vomiting, and anal irritation occur less 
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GoLYTELY is generally well tolerated and side effects are 
transient. Patients with impaired gag reflex who are prone 
to regurgitation or aspiration should be observed during 
the administration of GoLYTELY. If obstruction or perfora- 
tion is suspected, appropriate studies should be performed 
to rule out these contraindications. GoLYTELY is also con- 
traindicated in patients with gastric retention, toxic colitis, 
or toxic megacolon. 


*Complimentary tablets of bisacody!, USP, are attached to the 
patient pamphlet Bowel Preparation Before Your Barium 
Enema. A supply is available to professionals by writing Braintree 
Laboratories at the address below. 


frequently. These adverse reactions are transient and subside 
rapidly. Isolated cases of urticaria, rhinorrhea, and dermatitis 
—which may represent allergic reactions—have been 
reported. 

CAUTION: Federal law prohibits dispensing without 
prescription. 

STORAGE: Store in sealed container at 59°-86°F When 
reconstituted, keep solution refrigerated. Use within 48 hours. 


Discard unused portion. 

(NDC 52268-0100-01). Revised 10/1/86 

Made by Lyne Laboratories, Stoughion, MA 02072, for 

“phar LABORATORIES, INC., PO. Box 361, Braintree, 
A 02184. 


References: 1. Ernstoff JJ, et al: Gastroenterology 1983; 
84:1512-1515. 2. Girard CM, et al: AUR 1984; 142:1147-1149 
3. DiPalma JA, et al: Am J Gastroenterol 1986; 81:652-655 
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additional information. 
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S. & S. X-RAY PRODUCTS INC. 
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Telephone: 718-649-8500 
1101 LINWOOD STREET, BROOKLYN, NY 11208 
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Conr ay (iothalamate meglumine injection U.S.P 60%) 


Each milliliter contains 600 mg of iothalamate meglumine, 0.09 mg edetate calcium 
disodium as a stabilizer and 0.125 mg of monobasic sodium phosphate as a buffer. The 
solution provides 28.2% (282 mg/mL) organically bound iodine. 


Conr ay-43 (iothalamate meglumine injection U.S.P 43%) 


Each milliliter contains 430 mg of iothalamate meglumine, 0.110 mg edetate calcium 
disodium as a stabilizer and 0.115 mg of monobasic sodium phosphate as a buffer. The 
solution provides 20.2% (202 mg/mL) organically bound iodine. 


INDICATIONS AND USAGE 


CONRAY is indicated for use in excretory urography, cerebral angiography, peripheral 
arteriography, venography, arthrography, direct cholangiography, endoscopic retrograde 
cholangiopancreatography, contrast enhancement of computed tomographic brain im- 
ages, cranial computerized angiotomography, intravenous digital subtraction angiography 
and arterial digital subtraction angiography. 

CONRAY-43 is indicated for use in lower extremity venography, intravenous infusion 
urography, contrast enhancement of computed tomographic brain images and arterial 
digital subtraction angiography. 

CONRAY and CONRAY-43 may also be used for enhancement of computed tomographic 
scans performed for detection and evaluation of lesions in the liver, pancreas, kidneys, 
abdominal aorta, mediastinum, abdominal cavity and retroperitoneal space. Continuous or 
multiple scans separated by intervals of 1-3 seconds during the first 30-90 seconds 
post-injection of the contrast medium (dynamic CT scanning) may provide enhancement of 
diagnostic significance, and may be of benefit in establishing diagnoses of certain lesions in 
these sites with greater assurance than is possible with CT alone, and in supplying 
additional features of the lesions. In other cases, the contrast agent may allow visualization 
of lesions not seen with CT alone, or may help to define suspicious lesions seen with 
unenhanced CT. Subsets of patients in whom delayed body CT scans might be helpful have 
not been identified. Inconsistent results have been reported and abnormal and normal 
tissues may be isodense during the time frame used for delayed CT scanning. The risks of 
such indiscriminate use of contrast media are well known and such use is not recom- 
mended. At present, consistent results have been documented using dynamic CT tech- 
niques only. 


CONTRAINDICATIONS 


Refer to PRECAUTIONS, General, concerning hypersensitivity. CONRAY and CONRAY-43 
should not be used for myelography. Arthrography should not be performed if infection is 
present in or near the joint. Percutaneous transhepatic cholangiography is contraindicated 
in patients with coagulation defects and prolonged prothrombin times. Endoscopic retro- 
grade cholangiopancreatography is contraindicated during an acute attack of pancreatitis 
or during severe clinically evident cholangitis and in patients in whom endoscopy is prohibited. 


WARNINGS 


Serious or fatal reactions have been associated with the administration of iodine contain- 
ing radiopaque media. It is of utmost importance to be completely prepared to treat any 
contrast medium reaction. 

Serious neurologic sequelae, including permanent paralysis, have been reported follow- 
ing cerebral arteriography, selective spinal arteriography and arteriography of vessels 
supplying the spinal cord. The intravascular injection of a contrast medium should never be 
made following the administration of vasopressors since they strongly potentiate neuro- 
logic effects. 

In patients with subarachnoid hemorrhage, a rare association between contrast adminis- 
tration and clinica) deterioration, including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated ionic contrast media in these patients 
should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast agents in patients who are known 
to have multiple myeloma. In such instances anuria has developed resulting in progressive 
uremia, renal failure and eventually death. Although neither the contrast agent nor dehy- 
dration has separately proved to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous patients is 
not a contraindication to the procedure; however, partial dehydration in the preparation of 
these patients for the examination is not recommended since this may predispose to 
precipitation of myeloma protein in the renal tubules. No form of therapy, including dialysis, 
has been successful in reversing the effect. Myeloma, which occurs most commonly in 
persons over 40, should be considered before instituting intravascular administration of 
contrast agents. 

Administration of radiopaque materials to patients known or suspected to have pheo- 
chromocytoma should be performed with extreme caution. If, inthe opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures 
may be performed; however, the amount of radiopaque medium injected should be kept to 
an absolute minimum. The blood pressure should be assessed throughout the procedure, 
and measures for treatment of a hypertensive crisis should be available. 

Contrast media have been shown to promote the phenomenon of sickling in individuals 
who are homozygous for sickle cell disease when the material is injected intravenously or 
intra-arterially. 

Convulsions have occurred in patients with primary or metastatic cerebral lesions 
following the administration of iodine-containing radiopaque media for the contrast en- 
hancement of CT brain images. 

In patients with advanced renal disease, iodinated contrast media should be used with 
caution, and only when the need for the examination dictates, since excretion of the medium 
may be impaired. Patients with combined renal and hepatic disease, those with severe 
hypertension or congestive heart failure, and recent renal transplant recipients may 
present an additional risk. 

Renal failure has been reported in patients with liver dysfunction who were given an oral 
cholecystographic agent followed by an intravascular iodinated radiopaque agent and also 
in patients with occult renal disease, notably diabetics and hypertensives. In these classes 
of patients there should be no fluid restriction and every attempt made to maintain normal 
hydration, prior to contrast medium administration, since dehydration is the single most 
important factor influencing further renal impairment. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and 
in susceptible non-diabetic patients (often elderly with pre-existing renal disease) following 


the administration of iodinated contrast agents. Therefore, careful consideration of the 
potential risks should be given before performing this radiographic procedure in these 
patients. 

Caution should be exercised in performing contrast medium studies in patients with 
endotoxemia and/or those with elevated body temperatures. 

Reports of thyroid storm occurring following the intravascular use of iodinated radio- 
paque agents in patients with hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated in such patients before use of this drug. 
lodine containing contrast agents may alter the results of thyroid function tests which 
depend on iodine estimation, e.g. PBI and radioactive iodine uptake studies. Such tests, if 
indicated, should be performed prior to the administration of this preparation. 


PRECAUTIONS 


General 


Diagnostic procedures which involve the use of iodinated intra-vascular contras: agents 
should be carried out under the direction of personnel skilled and experienced in the 
particular procedure to be performed. All procedures utilizing contrast media carry a 
definite risk of producing adverse reactions. While most reactions may be mnor, life 
threatening and fatal reactions may occur without warning. The risk-benefit facto- should 
always be carefully evaluated before such a procedure is undertaken. At all times a fully 
equipped emergency cart, or equivalent supplies and equipment, and personnel conpetent 
in recognizing and treating adverse reactions of all severity, or situations which may arise 
as a result of the procedure. should be immediately available. If a serious reaction should 
occur, immediately discontinue administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent personnel should be available for at 
least 30 to 60 minutes after administration. (See ADVERSE REACTIONS). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in 
infants, young children, the elderly, patients with pre-existing renal insufficiency, patients 
with advanced vascular disease and diabetic patients. 

Severe reactions to contrast media often resemble allergic responses. This has 
prompted the use of several provocative pretesting methods, none of which can be relied on 
to predict severe reactions. No conclusive relationship between severe reactions and 
antigen-antibody reactions or other manifestations of allergy has been established. The 
possibility of an idiosyncratic reaction in patients who have previously received a contrast 
medium without ill effect should always be considered. Prior to the injection of any contrast 
medium, the patient should be questioned to obtain a medical history with emphasis on 
allergy and hypersensitivity. A positive history of bronchial asthma or allergy, including food, 
a family history of allergy, or a previous reaction or hypersensitivity to a contrast agent may 
imply a greater than usual risk. Such a history, by suggesting histamine sensitivity and 
consequently proneness to reactions, may be more accurate than pre-testing in predicting 
the potential for reaction, although not necessarily the severity or type of reacticn in the 
individual case. A positive history of this type does not arbitrarily contraindicate the use of a 
contrast agent, when a diagnostic procedure is thought essential, but does call for caution. 
(See ADVERSE REACTIONS). 

Prophylactic therapy including corticosteroids and antihistamines should be considered 
for patients who present with a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the incidence of reaction is two to 
three times that of the general population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be effective and should continue r 
through the time of injection and for 24 hours after injection. Antihistamines should be 
administered within 30 minutes of the contrast medium injection. Recent reports indicate 
that such pre-treatment does not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe should be used for these 
injections. 

General anesthesia may be indicated in the performance of some procedures in young 
or uncooperative children and in selected adult patients; however, a higher incidence of 
adverse reactions has been reported in these patients, and may be attributable to the 
inability of the patient to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase the duration of contact of 
the contrast agent. 

Angiography should be avoided whenever possible in patients with homocystinuria 
because of the risk of inducing thrombosis and embolism. 

Information for Patients: Patients receiving iodinated intra-vascular contrast agents should 
be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochro- 

mocytoma, homozygous sickle cell disease or known thyroid disease. (See WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food or if you had any reactions to 

previous injections of dyes used for x-ray procedures. (See PRECAUTIONS, General). 

4. Inform your physician about any other medications you are currently taking including 

non-prescription drugs. 

Carcinogenesis. Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been pertormed to evaluate carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males or females. 

Pregnancy Category B: Reproduction studies have been performed in mice, rats, and 
rabbits at doses up to 6.6 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to CONRAY. There are however no adequate and well 
controlled studies in pregnant women. Because animal reproduction studies are nct always 
predictive of human response, this drug should be used during pregnancy only f clearly 
needed. 

Nursing Mothers: lothalamate salts are excreted unchanged in human milk. Because of 
the potential for adverse effects in nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of this drug. 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 
Excretory Urography 


Infants and small children should not have any fluid restrictions prior to excretory 
urography. Injections of CONRAY and CONRAY-43 represent an osmotic load which, if 
Superimposed on increased serum osmolality due to partial dehydration, may magnify 
hypertonic dehydration. (See WARNINGS and PRECAUTIONS, General concerning pre- 
paratory dehydration). 


Brief summary continued on last page of ad. 
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As versatile as the 


Conray-43 (iothalamate meglumine injection U. S.P. 43%): 
Unique benefits for CT and venography 


Conray®-43 provides an ideal iodine concentration for use in lower extremity 
venography, CT scans, and infusion urography. Conray-43 combines good 
visualization with low toxicity and excellent patient tolerance. Because of its low 
viscosity, Conray-43 offers a shorter infusion time for a 200 mL dose versus 
150 mL dose of 60% solution. The lower osmolality of Conray-43 compared to a 
60% conventional agent may mean less post-procedural phlebitis, with no loss 
of imaging quality. 

For routine CT and lower extremity venography procedures, give your 
patients the unique benefits of Conray-43—the affordable, 
well-tolerated alternative. 


Please see preceding page and final page of ad for brief summary of prescribing information. ©1987 Mallinckrodt, inc 
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Conray  icthalamate meglumine injection U.S.P. 60%): 
A proven performer 


Conray® offers you reliable performance, proven in over 15 million procedures 
in the last five years, ranging from IVPs to enhancement of CT images. Conray 
provides an iodine content that yields good visualization with low toxicity and 
good patient tolerance. 

The viscosity allows for bolus injection or rapid infusion, where necessary. 
And the variety of vial and bottle sizes lets you choose the Conray volume and 
mode of administration you need in your practice. 

With this kind of clinical versatility and affordability, h 
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it's no surprise that Conray is the #1 brand of conventional `~ i RES 
iodinated contrast media—the standard 


by which all others are judged. Changing the look of medicine 
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Continuation of brief summary for Conray® and Conray®-43 


Cerebral Angiography 

Cerebral angiography should be performed with special caution in patients with ad- 
vanced arteriosclerosis, severe hypertension, cardiac decompensation, senility, recent 
cerebral thrombosis or embolism, and migraine. 


Peripheral Arteriography and Venography 

Moderate decreases in blood pressure occur frequently with intra-arterial (brachial) 
injections. This change is usually transient and requires no treatment, however, the blood 
pressure should be monitored for approximately ten minutes following injection. Special 
care is required when venography is performed in patients with suspected thrombosis, 
phlebitis, severe ischemic disease, local infection or a totally obstructed venous system. In 
the presence of venous stasis, vein irrigation with normal saline should be considered 
following the procedure. Venography is optimally performed with a more dilute solution 
such as Conray”-43 (lothalamate Meglumine Injection USP 43%). 

Extreme caution during injection of the contrast agent is necessary to avoid extravasa- 
tion and fluoroscopy is recommended. This is especially important in patients with severe 
arterial or venous disease. 


Arthrography 

During arthrography, strict aseptic technique is required to prevent the introduction of 
infection. Fluoroscopic control should be used to insure proper introduction of the needle 
into the synovial space and prevent extracapsular injection. Aspiration of excessive synovial 
fluid will reduce the pain on injection and prevent the rapid dilution of the contrast agent. It is 
important that undue pressure not be exerted during the injection. 


Direct Cholangiography 

In the presence of acute pancreatitis, direct cholangiography, if necessary, should be 
employed with caution, injecting no more than 5 to 10 mL without undue pressure. Percuta- 
neous transhepatic cholangiography should only be attempted when compatible blood for 
potential transfusions is in readiness and emergency surgical facilities are available. The 
patient should be carefully monitored for at least 24 hours to insure prompt detection of bile 
leakage and hemorrhage. Appropriate pre-medication of the patient is recommended and 
drugs which are cholespastic, such as morphine, should be avoided. Respiratory move- 
ments should be controlled during introduction of the needle. 


Endoscopic Retrograde Cholangiopancreatography 

Endoscopic retrograde cholangiopancreatography should only be performed by person- 
nel skilled and experienced with the procedure, and careful attention to technique is 
essential for the success and safety of the procedure. Fluoroscopy is mandatory during 
injection to prevent over distention of the duct systems. 


Contrast Enhancement in Body Computed Tomography 

It is advisable to insure that patients are adequately hydrated prior to the contrast 
enhanced body CT examination. Patient motion, including respiration, can markedly affect 
image quality, therefore, patient cooperation is essential. The use of an intravascular 
contrast medium can obscure tumors in patients undergoing CT evaluation of the liver 
resulting in a false negative diagnosis. Dynamic CT scanning is the procedure of choice for 
malignant tumor enhancement. 


Intravenous Digital Subtraction Angiography 

The risks associated with IV DSA are those usually attendent with catheter procedures 
and include intramural injections, vessel dissection and tissue extravasation. Small test 
injections of contrast medium made under fluoroscopic observation to insure the catheter 
tip is properly positioned, and in the case of peripheral placement that the vein is of 
adequate size, will reduce this potential. 

Patient motion, including respiration and swallowing, can result in marked image degra- 
dation yielding non-diagnostic studies. Therefore, patient cooperation is essential. 


Arterial Digital Subtraction Angiography 

The risks associated with arterial DSA are those usually attendent with catheter proce- 
dures. Following the procedure, gentle pressure hemostasis is required, followed by 
observation and immobilization of the limb for several hours to prevent hemorrhage from 
the site of arterial puncture. 


ADVERSE REACTIONS 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic 
reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physio-chemical properties of the contrast media, 
the dose and speed of injection. All hemodynamic disturbances and injuries to organs or 
vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 
20 to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of 
dose injected, the speed of injection, the mode of injection and the radiographic procedure. 
idiosyncratic reactions are subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

Fatalities have been reported following the administration of iodine-containing contrast 
agents. Based upon Clinical literature, the incidence of death is reported to range from one 
in 10,000 (0.01 percent) to less than one in 100,000 (0.001 percent). 
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The following adverse reactions have been observed in conjunction with the use of 
iodine-containing contrast agents. 

The most frequent adverse reactions are nausea, vomiting, facial flush and a feeling of 
body warmth. These are usually of brief duration. Other reactions include the following: 

Hypersensitivity reactions: Dermal manifestations of urticaria with or without pruritus, 
erythema and maculopapular rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to the respiratory system include 
sneezing, nasal stuffiness, coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infrequent reactions including 
asthmatic attack, laryngospasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type reactions can progress into ana- 
phylaxis with loss of consciousness and coma and severe cardiovascular disturbances. 

Cardiovascular reactions: Generalized vasodilation, flushing and venospasm. Occasion- 
ally, thrombosis or rarely, thrombophlebitis. Red blood cell clumping and agglutination, 
crenation and interference in clot formation. Extremely rare cases of disseminated intra- 
vascular coagulation resulting in death have been reported. Severe cardiovascular re- 
sponses include rare cases of hypotensive shock, coronary insufficiency, cardiac arrhythmia, 
fibrillation and arrest. These severe reactions are usually reversible with prompt and 
appropriate management; however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, hematomas, ecchymosis and 
tissue necrosis, paresthesia or numbness, vascular constriction due to injection rate, 
thrombosis and thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syncope, paresis, paralysis result- 
ing from spinal cord injury and pathology associated with syndrome of transverse myelitis, 
visual field losses which are usually transient but may be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills without fever and light-headedness. 
Temporary renal shutdown or other nephropathy. 


ADVERSE REACTIONS FOR SPECIFIC PROCEDURES: 
Cerebral Angiography 


The major sources of cerebral arteriographic adverse reactions appear to be related to 
repeated injections of the contrast material, administration of doses higher than those 
recommended, the presence of occlusive atherosclerotic vascular disease and the method 
and technique of injection. 

Adverse reactions are normally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. Infrequently, a more severe burning discomfort is observed. 

Serious neurological reactions that have been associated with cerebral angiography and 
not listed under the general Adverse Reactions include stroke, amnesia and respiratory 
difficulties. 

Cardiovascular reactions that may occur with some frequency are bradycardia and 
decrease in systemic blood pressure. The blood pressure change is transient and usually 
requires no treatment. 


Peripheral Arteriography and Venography 

Hemorrhage and thrombosis have occurred at the puncture site of the percutaneous 
injection. Brachial plexus injury has been reported following axillary artery injection. 
Thrombophlebitis, syncope and very rare cases of gangrene have been reported following 
venography. 


Arthrography 

Arthrography may induce joint pain or discomfort which is usually mild and transient but 
occasionally may be severe and persist for 24 to 48 hours following the procedure. Effusion 
requiring aspiration may occur in patients with rheumatoid arthritis. 


Direct Cholangiography 

Adverse reactions may often be attributed to injection pressure or excessive volume of 
the medium resulting in overdistention of the ducts and producing local pain. 

Some of the medium may enter the pancreatic duct which may result in pancreatic 
irritation. Occasionally, nausea, vomiting, fever, and tachycardia have been observed. 
Pancholangitis resulting in liver abscess or septicemia has been reported. 

In percutaneous transhepatic cholangiography, some discomfort is common, but severe 
pain is unusual. Complications of the procedure are often serious and have been reported 
in 4 to 6 percent of patients. These reactions have included bile leakage and biliary 
peritonitis, gall bladder perforation, internal bleeding (sometimes massive), blood-bile 
fistula resulting in septicemia involving gram-negative organisms, and tension pneumotho- 
rax from inadvertent puncture of the diaphragm or lung. Bile leakage is more likely to occur 
in patients with obstructions that cause unrelieved high biliary pressure. 


Endoscopic Retrograde Cholangiopancreatography 

Adverse reactions that have occurred which are attributable to either the ERCP proce- 
dure or contrast agent include nausea, vomiting, fever, severe abdominal pain, duodenal 
wall intravasation, septicemia, pancreatitis and perforation of the common bile duct associ- 
ated with pathology. 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the Conray and Conray-43 package insert. CONSULT 


FULL PACKAGE INSERT BEFORE USE. 
Rev. August 1987 


Diagnostic Products Division 
Mallinckrodt, Inc. 

Post Office Box 5840 

St. Louis, MO 63134 
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A complete family of CLEAR-Pb ao 


Lead-Plastic Mobile X-Ray Barriers... 
the most extensive line of its kind 
ever produced. 





CLEAR-Pb Mobile X-Ray Barriers offer you total 
body protection from secondary radiation in 
radiology suites, O.R.’s and Special Procedures 
rooms. You'll also find them in cardiac cath 7 
rooms, as well as in mammographic, nuclear 
medicine and dental suites. 

Our leac-impregnated, transparent plastic 
viewing panels are crystal-clear and shatter- 
resistant...perfect for mobile unit use. A choice 
of lead equivalencies and a wide variety of sizes 
lets you select the correct size to meet the 
needs of your department. Shield one, two 

or more people the easy way! 







Nuclear 
Medicine Barrier 


The Winning Combination: 
Total-body Shielding and 
Panoramic Visibility! ae E Jumbo Barrier 
Tne distortion-free clarity and generous size + Deluxe Barrier : 

of each CLEAR-Pb viewing panel provides 
you with exceptional visibility over a wide 
field of view. Patient and equipment can be 
seen at a glance, and the large viewing area 
puts patients at ease, too. No more need to 
put up with tiny, lead-glass viewing windows. 
Today's look is attractive, spacious, open, 
thanks to the versatility of CLEAR-Pb 
Lead-Plastic. 
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Need more details? 

We have them. Request Bulletin 3225-44 N if 
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NUCLEAR ASSOCIATES 2S 


A Division of VICTOREEN, INC. 


100 VOICE ROAD 


CARLE PLACE, NY 11514-1593 
(516) 741-6360 Ultra Barrier 


A Subsidiary of Sheller-Globe SG ò 
#VICTOREEN, Inc. *U.S. Patents 4,129,524 and 4,182,821 
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We challenge our competition 

to surpass this technology: 

À a unique “shift mechanism” 
® that achieves optimum em 






Very fast. Very versatile. And very hard to top. Toshiba's s1 9 

TCT-600 Whole Body Scanner delivers the superior : 

technology you want at the price you want to pay. 
Compare the TCT-600 with oo models. 





dose utilization 

A iit spa- 

tial resolution 
® capable 











of detecting small anatomical details of 0.55mm 

A instantaneous multi-planar reconstruction Æ unique 
patient couch lowers to 30cm A total examination 
study in less than fourteen minutes A breakeven at 
under three patients per day. 

We'll go head to head with the best of our competition 
on technical leadership, image quality, throughput, 
lifecost, and total service. We are committed to providing 
whatever it takes to ensure customer satisfaction. So 
before you make a decision, ask some tough questions. 


Call your Toshiba representative HEAD 

today, and ask for “20 questions 

to ask your CT representative.” TO HEAD 

Toshiba Medical Systems, 2441 Michelle Drive. Tustin, CA 92680 (714) 730-5000, (800) 421-1968 
In Touch with Tomorrow 
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GLOBAL IMAGING SPECIALISTS 








Get the complete story 


on the new medical technologies 
and instrumentation of today...and 


tomorrow 
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MEDICAL INSTRUMENTATION 


| OF THEA TION — JOURNAL OF THE ASSOCIATION FORTHE HE 
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INSTRUMENT. ATION 


The official journal of the Association for the Advancement of Medical I nstrumentation 


Editor-in-Chief: 


If you are involved in the design, manufacturing, 
clinical application, specification, regulation, or 
administrative facets of medical device technology, 
make MEDICAL INSTRUMENTATION the first 
journal you reach for when you want the latest 
developments, innovations, and advances in this 
fast-paced field. 

Each bimonthly issue alerts you to trends and 
forecasts in the development, design, regulation, 
and clinical applications of medical instruments, 
devices, and systems. Original papers and timely 
articles help you keep pace with changes in the field 
that can have great effect on your work...new 
government standards and codes...new clinical 
uses...new approaches to enhancing quality, relia- 
bility, safety...key technologic breakthroughs 

..and more. 

Several special issues yearly are carefully planned 

around a single topic of current interest. Recent 


Charles A. Rawlings, Ph.D., C.C.E. 


and upcoming special issues include — 


e Environmental Therapeutic Devices tor 
Infants 

e Lasers in Medicine 

e Neurologic Instrumentation and Techniques 

e Alternative Communication Devices 

e Respiratory Equipment 


MEDICAL INSTRUMENTATION 's coverage 
spans the disciplines, giving you a well-rounded 
perspective on trends in many areas — instrumen- 
tation for cardiovascular monitoring...clinical 
engineering...certification...instrumentation in 
anesthesiology. 

Keep pace with technology and subscribe to 
MEDICAL INSTRUMENTATION today! Just clip 
out the coupon below or call FREE 1-800-638-6423 
from anywhere in the U.S. (except Alaska), or call 
COLLECT in Maryland at 528-4105. 


Williams & Wilkins 


MEDICAL INSTRUMENTATION 


The official journal of the Association for the Advancement of 
Medical Instrumentation 


Keeping pace with the technologies of today... 
and tomorrow 


|| 3 years _] 2 years 1 year 
| Individual $60/year 
—_] Institution $85/year 
| In-training $35/year 


(Please add $10/year outside U.S.) 


C] Check enclosed |_| Bill me 
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Maryland residents please add 5% sales tax. Subscriptions outside the 
U.S. must be prepaid, in U.S. dollars only. Please allow up to 8 weeks 

for delivery of first issue. Surface deliveries outside the U.S. may take 

up to 16 weeks. Airmail rates available on request. 


Mail to: 
Williams & Wilkins 
P.O. Box 23291 266 Fulham Road 


Baltimore, MD 21203 London SW10 9EL England 
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In intrathecal imaging: 


Because you cant be sure Now 
every patient will react... 


Improve the safety profile. f 







Better patient tolerance, measured 
subjectively and objectively.'° 
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Reactions After Myelography 
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No reaction 





Headache 





Nausea 





Vomiting 





Pain 





Dizziness 





Mental symptoms 





Other reactions 





Adapted from Shaw el at.’ Data on file, Winthrop Pharmaceuticals.‘ 


separately under the respective reaction type 


i Lower incidence of EEG changes 
compared with iopamidol or metrizamide.** 


t Excellent diagnostic quality. 
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erning contraindications, atik 
te pes rt reactions, patient selection, 
and precautionary recommendations (IOHEXOL) THE NEW STANDARD 


IN INTRATHECAL IMAGING. 


OMNIPAQUE’ 


INJECTION (IOHEXOL) 
INTRATHECAL 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium for intrathecal 
administration in concentrations of 180, 240, and 300 mgI/mL. Each milliliter of ihexol solution contains 121 mg 
tromethamine and 0 1 mg edetate calcium disodium with the pH adjusted between 6.8 and 7 7 with hydrochloric 
acid or sodium hydroxide. All solutions are sterilized by autoclaving, are nonpyrogenic, and contain no 
preservatives, so unused portions should be discarded 


CONTRAINDICATIONS-Intrathecal: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. Myelography should not be performed in the presence of si nificant local or systemic 
infection where bacteremia is likely. Intrathecal administration of corticosteroids with OMNIPAQUE is contraindi- 
cated. Because of the possibility of overdosage, immediate repeat myelography in the event of technical failure is 
contraindicated. 

WARNINGS-General: It grossly bloody CSF is encountered, the possible benefits of a myelographic procedure 
should be considered in terms of the risk to the patient 

Caution is advised in patients with a history of epilepsy, severe cardiovascular disease, chronic alcoholism, or 
multiple sclerosis 

Elderly patients may present a greater risk following myelography The need for the procedure in these patients 
should be evaluated carefully. Special attention must be paid to dose and concentration of the medium used, 
hydration, and technique used 

Patients who are receiving anticonvulsants should be maintained on this therapy. Should a seizure occur, 
intravenous diazepam or phenobarbital sodium is recommended. In patients with a history of seizure activily who 
are not on anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered in patients with evidence of 
inadvertent intracranial entry of a large or concentrated bolus of the contrast medium, since there may be an 
increased risk of seizure in such cases 

Drugs that lower the seizure threshold, especially phenothiazine derivatives, including those used for their 
antihistamine or antinauseant properties, are not recommended for use with OMNIPAQUE. Others include MAO 
inhibitors, tricyclic antidepressants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. While the contributory role of these medications has not been established, 
the use of such drugs should be based on physician evaluation of potential benefits and potential risks. Physicians 
have discontinued these agents at least 48 hours before and for at least 24 hours postprocedure Care is required 
in patient management to prevent inadvertent intracranial entry of a large dose or concentrated bolus of the 
medium. Also, effort should be directed to avoid rapid dispersion of the medium causing inadvertent rise in 
intracranial levels (eg, by active patient movement). Direct intracisternal or ventricular administration for standard 
radiography (not CT) is not recommended 

In most reported cases of major motor seizures with nonionic myelographic media, one or more of the following 
factors were present. Therefore avoid: 

e Deviations from recommended procedure or in myelographic management 

e Use in patients with a history of epilepsy 

e Overdosage 

e Intracranial entry of a bolus or premature diffusion of a high concentration of the medium 

e Medication with neuroleptic drugs or phenothiazine antinauseants 

e Failure to maintain elevation of the head during the procedure, on the stretcher, or in bed 

+ Excessive and particularly active patient movement or straining 

PRECAUTIONS—General: Diagnostic procedures that involve the use of radiopaque diagnostic agents should 
be carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for coping with any complication of 
the procedure, as well as for emergency treatment of reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency facilities should be available, since 
delayed reactions have been reported (see ADVERSE REACTIONS) 

Preparatory dehydration may be dangerous and may contribute to acute renal failure in patients with advanced 
vascular disease, diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal 
disease). Dehydration in these patients seems to be enhanced by the osmotic diuretic action of contrast agents 
Patients should be well hydrated prior to and following iohexol administration. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid, or cardiovascular 
reactions, should always be considered (see ADVERSE REACTIONS). Therefore, it is of utmost importance that a 
course of action be carefully planned in advance for the immediate treatment of serious reactions, and that 
adequate and appropriate facilities and personnel he readily available in case of a severe reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS). The susceptible population includes patients with a history of a previous reaction to contrast media, 
patients with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies 

A thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
medium, may be more accurate than pretesting in predicting potential adverse reactions 

A positive history of allergy or hypersensitivity does not arbitrarily contraindicate the use of a contrast vith 
where a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids, to avoid or minimize possible allergic reactions in such 
patients, should be considered 

In patients with severe renal insufficiency or failure, compensatory biliary excretion of the drug is anticipated to 
occur, with a slow clearance into the bile. Patients with hepatorenal insufficiency should not be examined unless 
the possibility of benefit clearly outweighs the additional risk. Sterile technique must be used with any spinal 
puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn 
into the syringe and used immediately If nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of cleansing i Parenteral drug products should be 
inspected and discarded if particulate matter or discoloration is present. 

epeat Procedures. It in the clinical judgment of the physician sequential or repeat examinations are required, a 
suitable interval of time between administrations should be observed to allow for normal clearance of the drug 
from the body 
Information for Patients: When receiving injectable radiopaque diagnostic agents, inform your physician: 

if you are pregnant; if you are diabetic; if you have multiple myeloma, pheochromocytoma, homozygous sickle 

cell disease, or known thyroid disorder; if you are allergic to any drugs or food or if you had any reactions to 

previous injections of dyes used for x-ray procedures, about any other medications you are currently taking, 

including nonprescription drugs, before you are administered this drug l 
Drug Interactions (See WARNINGS-General): In nonelective procedures in patients on the drugs described, 
consider prophylactic use of anticonvulsants 
Carcinogenesis, Mutagenesis, Impairment of broke F No long-term animal studies have been performed 
to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE: there are, however, no studies in pregnant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be used during pregnancy only if clearly indicated 


OMNIPAQUE® injection (iohexol) 


Nursing Mothers: It is not known to what extent iohexol is excreted in human milk However, many injectable 
contrast agents are excreted unchanged in human milk. Although it has not been established thal serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are 
administered to an women. Bottle feedings may be substituted for breast feedings for 24 hours following 
administration of OMNIPAQUE 
Pediatric Use: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS-Intrathecal: The most frequently reported adverse reactions with OMNIPAQUE 180 
OMNIPAQUE 240, and OMNIPAQUE 300 are headache, mild to moderate pain including backache, neck ache and 
Stiffness, nausea and vomiting. These reactions usually occur 1 to 10 hours after injection. and almost all occur 
within 24 hours. They are usually mild to moderate in degree. lasting for a few hours and usually disappearing 
within 24 hours. Rarely, headaches may be severe or persist for days Headache is often accompanied by nausea 
and vomiting and tends to be more frequent and persistent in patients not optimally hydrated. Transient alterations 
in vital signs may occur and their significance must be assessed on an individual basis. Those reactions reported 
in clinical studies with OMNIPAQUE are listed below in decreasing order of occurrence, based on clinical studies 
of 1,624 patients 
Headaches: The most frequently occurring adverse reaction following myelography has been headache, with an 
incidence of approximately 18%. Headaches may be caused either by a direct effect of the contrast medium or by 
CSF leakage at the dural puncture site. However, in managing the patient, it is considered more important to 
minimize intracranial entry of contrast medium by postural management than to attempt to contro! possible CSF 
leakage (see PATIENT MANAGEMENT) 
Pain: Mild to moderate pain including backache, neck ache and stiffness, and neuralgia occurred following 
injection, with an incidence of about 8% 
Nausea and Vomiting: Nausea was reported with an incidence of about 6%, and vomiting about 3% (see PATIENT 
MANAGEMENT), Maintaining normal hydration is very important. The use of phenothiazine antinauseants is no! 
bro ail (see WARNINGS-General). Reassurance to the patient that the nausea will clear usually is all that is 
require 
Dizziness. Transient dizziness was reported in about 2% of the patients 
Other Reactions: Other reactions occurring with an individual incidence of less than 0.1% included: feeling of 
heaviness, hypotension, hypertonia, sensation of heat, -m vertigo, loss of appetite, drowsiness, 
hypertension, photophobia, tinnitus, neuralgia, paresthesia, difficulty in micturition, and neurological changes. All 
were transient and mild with no clinical sequelae 
General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse effects 
in addition to those discussed above, particularly the following reactions which have been reported in the literature 
for other nonionic, water-soluble myelographic media and rarely with iohexol. These have included, but are not 
limited to, aseptic and bacterial meningitis and CNS and other neurologic disturbances 

An aseptic meningitis syndrome has been reported deta (less than 0,01%). It was usually preceded by 
pronounced headaches, nausea, and vomiting Onset usually occurred about 12 to 18 hours postprocedure 
Prominent features were meningismus and fever, sometimes with oculomotor signs and mental confusion. Lumbar 
puncture revealed a high white cell count and high protein content, often with a low glucose level and absence of 
organisms. The condition usually started to clear spontaneously about 10 hours after onset. with complete 
recovery over 2 to 3 days 
Allergy or Idiosyncrasy: Chills, fever, profuse diaphoresis, pruritus, urticaria, nasal congestion, dyspnea, and 
Guillain-Barré syndrome 
CNS Irritation: Mild and transitory perceptual aberrations, such as hallucinations, depersonalization, amnesia 
hostility, amblyopia, diplopia, photophobia, psychosis, insomnia, anxiety, depression, hyperesthesia, visual or 
auditory or speech disturbances, confusion and disorientation. In addition, malaise, weakness, EEG changes, 
meningismus, hyperreflexia or areflexia, hypertonia or flaccidity, hemiplegia, paralysis, quadriplegia, jat sai AN 
tremor, echoacousia, echolalia, asterixis, and dysphasia have occurred 

Profound mental disturbances have also rarely been reported: various forms and degrees of aphasia, mental 
contusion, or disorientation Onset is usually at 8 to 10 hours and lasts for about 24 hours Paapaa they have 
been manifest as apprehension, agitation, or progressive withdrawal in several instances to the point o 
somnolence, stupor, and coma. In a few cases. these have been accompanied by transitory hearing loss or other 
auditory symptoms and visual disturbances (believed subjective or delusional), including unilateral or bilateral 
loss of vision, which may last for hours. in one case, persistent cortical loss of vision has been reported in 
association with convulsions. Ventricular block has been reported; amnesia of varying degrees may be present ‘or 
the reaction event 

Rarely, persistent though transitory weakness in the leg or ocular muscles has been reported. Peripheral 
neuropathies have been rare and transitory. They include sensory and/or motor or nerve root disturbance, 
myelitis, persistent leg muscle pain or weakness, 6th.nerve palsy, or cauda equina syndrome. Muscle cramps, 
fasciculation or myoclonia, spinal convulsion, or spasticity are unusual and have responded promptly to a smal! 
intravenous dose of diazepam 

In general, the reactions that are known to occur on parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of water-soluble 
contrast agents are mild to moderate in degree. However, severe, life-threatening, anaphylactoid, and fatal 
reactions, mostly of cardiovascular origin, have occurred. Adverse reactions to injectable contrast media fall into 
two categories: chemotoxic reactions and idiosyncratic reactions 
Chemotoxic reactions result from the physicochemical properties of the contrast medium, the amount of the dose 
and the speed of injection. All hemodynamic disturbances and injuries to organs or vessels perfused by the 
contrast medium are included in this category. 
Idiosyncratic reactions occur more frequently in patients 20 to 40 years old and may or may nol be dependent on 
the amount of dose injected, the speed of injection, and the radiographic procedure They are subdivided into 
minor. intermediate. and severe. The minor reactions are self-limited and of short duration, the severe reactions 
are life-threatening, and treatment is urgent and mandatory 

The reported incidence of adverse reactions to the contrast medium in patients with a history of allergy is twice 
that of the general population. Patients with a history of previous reactions to a contrast medium are three times 
more susceptible than other patients. However, sensitivity to contrast media does not appear to increase with 
repeated examination. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection. Gut 
delayed reactions may occur 
OVERDOSAGE: Although clinical consequences of overdosage with OMNIPAQUE have not been reported, 
physicians should be aware that incorrect management of the patient can permit inadvertent early intracranial entry 
of normal doses of the medium, thereby increasing CNS reactions 

The intracisternal LD<g value of OMNIPAQUE (in grams of iodine per kilogram body weigh!) is greater than 2.0 
in mice 
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Volume 150: The Third Jubilee-Anniversary Volume 


Robert N. Berk’ 


A jubilee is a 50th anniversary celebration, so this issue of 
the AJR, which starts volume 150, marks the beginning of the 
third jubilee volume of the Journal. The Journal is 82 years 
old. It began in 1906 as the American Quarterly of Radiology 
and in 1913 became the American Journal of Roentgenology 
[1]. 

It is fitting that this special volume be dedicated to Melvin 
M. Figley, editor emeritus of the Journal. Dr. Figley retired as 
editor-in-chief in 1985, after a decade of extraordinary lead- 
ership. Under his direction, the quality of the AJR soared. 
Because of his unstinting personal dedication and his remark- 
able talent, the Journal’s stature in the medical community 
increased more than during any other time in the Journal's 
history. 

To mark the jubilee celebration, volume 150 will contain 
several special features. These include reproduction of se- 
lected articles from volumes 1, 50, and 100, along with 
commentaries on them by current authorities; perspectives, 
editorials, and opinions on timely topics; special progress-in- 
radiology articles; and a unique anniversary cover. 

Comparison of this issue with the first jubilee volume (vol- 
ume 50, published in 1943) and the second jubilee volume 
(volume 100, published in 1967) shows emphatically that 
enormous strides have been made in the quality and quantity 
of the Journal’s content. Published papers are now more 
sharply focused, shorter, and more tightly edited. The average 
length of articles published in volume 150 will be approxi- 
mately five pages, compared to nine and seven pages in 
papers published in volumes 50 and 100, respectively. The 
information provided is more polished. It is more accurate, 
conclusions are better substantiated by the data provided, 
and the illustrations are of higher quality. 

Publication of the articles is more timely [2]. The average 
time between submission and acceptance is now 3.8 weeks, 


compared with 7 to 10 weeks in the past. Now the average 
time between submission and publication is 5 months (1 
month for the editorial decision, 1 month for revision, and 3 
months for editing and printing). This is two or three times 
faster than in the earlier days of the Journal's history. 

The quantity of the papers has certainly increased. In 
volume 150, 250 papers will appear; that is almost triple the 
number published in volume 50 (90 papers) and nearly double 
that published in volume 100 (150 papers). 

The goal of the Journal, to enrich the general fund of 
radiologic knowledge, has been achieved in grand style. The 
radiologic community has a right to be proud of the Journal 
and to consider it a prized resource for the specialty. This 
goal could not have been achieved without the dedication of 
thousands of individuals who have contributed to these 150 
volumes. The commitment of the current group of more than 
700 manuscript reviewers is acknowledged with special grat- 
itude. These authorities take time from their busy practices, 
without remuneration or recognition, to give first priority to 
the detailed evaluation of manuscripts. The quality of the 
Journal truly rests in their hands. 

This 150th volume is a product not only of the current 
editors, authors, and reviewers, but of all those who have 
contributed so much to the AJR since the first volume was 
published 82 years ago. In the six issues of this jubilee 
anniversary volume, we will salute these people on whose 
shoulders we stand and attempt to consider what the future 
holds for our dynamic specialty. 


REFERENCES 


1. Figley MM. AJR celebrates 75th anniversary. AJR 1981;136:215 
2. Berk RN. AJR achieves goal to speed publication. AJR 1987;149:312 





" Editor-in-Chief, American Journal of Roentgenology, 2223 Avenida de la Playa, Ste. 200, La Jolla, CA 92037-3218. 
AJR 150:1, January 1988 0361-803X/88/1501—0001 © American Roentgen Ray Society 





Dedication to Melvin M. Figley, M.D. 


Raymond A. Gagliardi, President, American Roentgen Ray Society’ 


Volume 150 of the 
American Journal of 
Roentgenology, mark- 
ing the third jubilee-an- 
niversary volume of the 
Journal, is dedicated to 
Editor Emeritus Melvin 
Morgan Figley of Se- 
attle, WA. 

Dr. Figley’s contri- 
butions to international 
radiology are very well 
known. Called to the 
University of Washing- 
ton as Chairman of the 
Department of Radiol- 
ogy in 1958, Dr. Figley built this department into one outstand- 
ing for its clinical radiology as well as its teaching and radio- 
logic research. His interest in cardiovascular and pulmonary 
radiology has made him a leader in this area, and his list of 
contributions to the medical literature is an impressive and 
significant one. He has been honored by many radiologic 
societies and has received the Gold Medal of the Association 
of University Radiologists (an organization that he served 
both as founding member and later as President), the Gold 
Medal of the American College of Radiology, and the Gold 
Medal of the Radiological Society of North America. After Dr. 
Figley’s retirement as Editor of the AJR, the American Roent- 
gen Ray Society created its Distinguished Service Award in 
order to recognize the unique quality of his service to the 
ARRS and world radiology in general. 

He has served in leadership capacities in almost every 
important radiologic society in the world. His greatest contri- 





butions came in his services to the American Roentgen Ray 
Society. Dr. Figley served on its Executive Council from 1971 
to 1987, serving as Chairman in 1975 and as President of the 
ARRS from 1983-1984. His most important role, however, 
was as Editor of the American Journal of Roentgenology from 
1976 until 1986, retiring after 10 years of devoted service. 

It is difficult to quantify his contribution to the American 
Journal of Roentgenology. Dr. Figley took over a journal that 
was in serious trouble, both scientifically and financially. In a 
brief period, he reoriented the entire editorial direction, actually 
changed the name of the journal itself, reorganized its format, 
and increased its quality so that it is now clearly recognized 
as one of the foremost radiologic journals. It is no secret that 
the Executive Council of the ARRS made a determined effort 
to dissuade Dr. Figley from retiring as Editor of the AJR. With 
characteristic modesty, he believed that it was time for new 
approaches by younger hands, which he hoped could rein- 
vigorate the Journal he had almost single-handedly rescued 
from oblivion. Much of the Journal’s present stature is a direct 
result of Dr. Figley’s untiring efforts. 

His commitment to excellence in all things is well known 
and is reflected in the reputation he enjoys as one of the 
great radiologic teachers and scholars of our generation. This 
commitment to excellence has also shown through in his 
personal life where he has demonstrated the qualities of loving 
husband, understanding father, and fast friend. 

Dr. Figley has received many honors and awards for his 
contributions to radiology, but the Executive Council of the 
ARRS, the Editor and Editorial Staff of the AJR, and the 
Publication Committee of the ARRS believe that he deserves 
one more personal and specific commendation; in that spirit 
and with surpassing pride, this volume is dedicated to a great 
man and a good friend, Dr. Melvin M. Figley. 


i EE OO EO ee —T— ee 


1 Department of Radiology, St. Joseph Mercy Hospital, 900 Woodward Ave., Pontiac, MI 48053. Address reprint requests to R. A. Gagliardi. 
AJR 150:2, January 1988 0361-803X/88/1501-0002 © American Roentgen Ray Society 


Commentary 


American Journal of Roentgenology: Historical Reflections 


Raymond A. Gagliardi' 


In 1900 William McKinley was President of the United 
States, then a nation of 76 million people; Oklahoma, Arizona, 
and New Mexico were still Territories; the Boer War was 
raging in South Africa; and Victoria still reigned as queen- 
empress of the British Empire. Also in 1900, a small group of 
physicians met to form the “Roentgen Society of the United 
States.” 

At that time, only 4 years after word of Roentgen’s discov- 
ery had stunned the world, roentgenology was in a chaotic 
State and this small band of physicians, meeting in the office 
of Heber Robarts of St. Louis, MO, hoped to develop stand- 
ards for responsible medical use of the promising new rays. 
The group held its first annual meeting in December 1900 and 
formally called itself The American Roentgen Ray Society 
(ARRS) [1, 2]. While fighting to establish radiology as a 
genuine medical specialty, these pioneers also recognized the 
need to make new knowledge available to everyone using the 
rays. There was already a publication owned by Dr. Robarts, 
The American X-Ray Journal, which was succeeded in 1902 
by the Transactions of the American Roentgen Ray Society. 
These were annual collections of business meeting minutes, 
committee reports, and all of the papers that had been 
presented at Society meetings. As was customary in those 
times, extemporaneous discussions of the papers were also 
included. Manufacturers with exhibits at the meeting had the 
option of placing a small ad in the Transactions. 

As the Society grew, it became apparent that the Trans- 
actions could not publish all the new material being developed 
in various institutions, and so in 1906 the ARRS authorized 
the establishment of the American Quarterly of Roentgenology 
[3]. Some difficulty, apparently financial, was encountered in 


the publication of the first volume of the Quarterly (October 
1906-July 1907) [3], so that the second volume did not 
appear until December 1909! In the interim, publication of the 
Transactions was resumed. In 1909 the American Quarterly 
of Roentgenology was established as the official organ of the 
American Roentgen Ray Society, and a new effort was made 
to broaden its financial base [4]. A subscription price of $5/ 
year was set, and by the following year the Quarterly was 
both a financial and a scientific success. 


The Editors 


The first editor of the Quarterly was Preston M. Hickey of 
Detroit, MI, whose vision included a strong specialty ir ra- 
diology and a broader scope for the Journal to establish its 
importance in the scientific world. In 1911, abstracts of radio- 
logic papers from other journals were included, and some 
years later this abstracts section had become a major feature 
of the Journal. The Journal prospered, and quarterly publica- 
tion was no longer adequate to meet the radiologic commu- 
nity's growing needs. Thus in 1913 the Journal began pub- 
lishing on a monthly basis, and its name was changed to the 
American Journal of Roentgenology. 

In 1915, because of the continuously increasing editorial 
load, the responsibilities for publication and legal ownership 
were transferred from Dr. Hickey to Paul B. Hoeber, publisher, 
of New York City. The editorial office remained in Detroit and 
was expanded. 

In 1916, after 10 years of development and devotion, Dr. 
Hickey submitted his resignation. His last year as editor had 
been the most prosperous in the history of the Journal and it 
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4 GAGLIARDI 


is difficult now, 82 years later, to fully appreciate his contri- 
bution to the development of radiologic education and publi- 
cations. He began his career as a pathologist and otolaryn- 
gologist (with a strong interest in photography), but then 
turned his attention to radiology when he realized the tremen- 
dous possibilities of the new kind of ray. In addition to his 
work in helping radiology grow and gain recognition, he was 
constantly working on new approaches to and improvements 
in the young specialty. It may surprise some readers to learn 
that in the early days, only posteroanterior and anteropos- 
terior projections were used in radiology and that it was Dr. 
Hickey who first thought of taking oblique views for better 
localization of abdominal calcifications, particularly ureteral 
stones. In those early days radiology was considered a form 
of photography, and the negative images were printed and 
read as positive photographs. Dr. Hickey discovered, perhaps 
by accident, that there was even better definition if the neg- 
ative images were viewed directly on a viewbox. Except in 
times of war, the paper print was no longer used. Things we 
now take for granted required imagination and dedication. 
The first editor of the Journal, Preston Hickey, supplied these 
qualities in full measure. 

After Dr. Hickey, Dr. James T. Case of Battle Creek, MI, 
was chosen as editor of the Journal, but shortly after, he was 
called into the army where he became the senior-ranking 
radiologist in the American Expeditionary Forces. In July 
1918, he resigned and was replaced by Dr. H. M. Imboden of 
New York. Apparently, during Dr. Case’s editorship, much of 
the work was carried out by Augustus Crane, also of Battle 
Creek. Dr. Crane was never listed as editor of the Journal, 
although he apparently was the de facto editor from 1917 to 
1918. 

During this period, the American Radium Society came into 
being; it was founded in 1916 by a group of physicians who 
were using radium and studying its therapeutic applications. 
Not all of its members were radiologists, but most of the 
papers read before the Society were published in the Ameri- 
can Journal of Roentgenology. After agreement in 1922 that 
the Journal would be designated as the official organ of the 
American Radium Society, the Executive Council of the ARRS 
voted to change the name of the Journal to the American 
Journal of Roentgenology and Radium Therapy. 

Dr. Imboden concluded his editorship in 1923 and was 
succeeded by Dr. Arthur Christie of Washington, DC, who 
promptly began issuing two volumes annually instead of one, 
practically doubling the amount of material published. Dr. 
Christie also expanded the abstracts section to include arti- 
cles of interest to radiologists, although not necessarily about 
radiologic topics. 

Dr. Christie resigned in 1929 and in 1930 Lawrence Rey- 
nolds of Detroit became editor, serving 31 years, longer than 
any other editor of the Journal. At the same time that Dr. 
Reynolds assumed the editorship, the Society resumed own- 
ership of the Journal and entered into an agreement with the 
Charles C Thomas Company for publication and distribution 
[5]. The Journal continued to grow and prosper and had the 
largest circulation of any of the radiology journals in this 
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country. But there was some criticism of the choice of articles, 
since Dr. Reynolds accepted 85% of submissions, as com- 
pared with a present acceptance rate of 35%. This made for 
a large backlog of papers and often the time between sub- 
mission and publication was 12 months or more. In 1956 Dr. 
Reynolds introduced issues devoted to narrow subjects. Nine 
issues were on diagnosis, often a single category, and three 
issues were devoted to radiation therapy. This policy had 
mixed results. While it would speed up publication of some 
important articles, another article of equal importance was 
kept waiting until the appropriate subject issue was published. 
Nevertheless, the Journal was well regarded and was finan- 
cially successful. Dr. Reynolds was named president-elect 
and president of the ARRS in 1948 and 1949, during which 
time Dr. Merrill C. Sosman was appointed acting editor, but 
the editorial office remained in Detroit. No manuscripts were 
sent to Boston, and most of the decisions continued to be 
made as before. After Dr. Reynolds’ death in 1961, he was 
succeeded by his long-time associate Traian Leucutia, a 
radiation therapist with considerable experience in both ra- 
diology and editorial work. During Dr. Leucutia’s tenure, the 
advent of nuclear technology led to another change in the 
name of the Journal; it became the American Journal of 
Roentgenology, Radium Therapy, and Nuclear Medicine. 


Because of the growing number of pages in each issue, by 
1965 the bound seminannual volumes had become thick and 
unwieldy, and so, for the first time, the Journal published 
three annual volumes instead of two and the cost of a 
subscription increased from $15 to $20 per year. At the same 
time, an agreement was established with the Association of 
University Radiologists, at that time a fledgling organization, 
to publish the 10 best papers from its spring meeting. Dr. 
Leucutia concluded 10 years of distinguished service in 1974 
and was succeeded in January 1975 by his associate, Dr. E. 
Frederick Lang of Detroit, who served as acting editor for 1 
year. 


In January 1976, after 45 years in Detroit, the editorial office 
was moved to Seattle, WA, when Dr. Melvin Figley was 
appointed editor. The office staff was strengthened and as- 
sociate editors were appointed who shared the review and 
decision-making responsibilities. For the first time in 70 years, 
the editors received salaries. The name was changed back 
to the American Journal of Roentgenology (AJR). Considera- 
tion was given to naming the Journal the American Journal of 
Radiology, but because of the historic association of the 
Society with the name Roentgen, the original title seemed 
more appropriate. Mandatory peer review of submissions was 
introduced, publication was accelerated, and the quality of 
the illustrations was improved. Within a few years, the Journal 
had regained its position as one of the world’s leading medical 
journals. Since contributions from the American Radium So- 
ciety had greatly declined, publications on therapeutic radiol- 
ogy were terminated and the half-century association of the 
two sponsoring societies was concluded in 1977. In 1985, 
after 10 years of brilliant service, Dr. Figley retired as editor. 
This responsibility was assumed by Robert N. Berk, and the 
editorial office was moved to San Diego, CA. 
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The Publication Committees 


Editor's note: In this section, the editor has added to the 
author's words in order to highlight the contributions of Dr. 
Gagliardi himself. 

Dr. Raymond A. Gagliardi was elected chairman of the 
Publication Committee in 1975 and immediately undertook 
review of the financial structure of the Journal, which had 
been unchanged for 45 years. After soliciting proposals from 
several publishers, he worked out a unique agreement with 
the Williams & Wilkins Company, changing the entire method 
of reimbursement to the Society [6]. This was immediately 
beneficial to the Society and eventually to the publisher as 
the Journal’s circulation improved and its income increased. 
Thanks to Dr. Gagliardi’s insight, the association with Williams 
& Wilkins, which continues to this day, has greatly benefited 
the American Roentgen Ray Society, rendering it more finan- 
Cially secure than ever before. 

In addition to revitalizing the AJR, Drs. Figley and Gagliardi, 
together with the American Society of Neuroradiology, 
founded a new journal, The American Journal of Neuroradiol- 
ogy (AJNR). A separate office was established in Boston 
under the able editorship of Dr. Juan Taveras and a unique 
publication relationship was set up [7]. All neuroradiologic 
articles sent to the AJR were transferred to the AJNR for its 
disposition with the understanding that published articles of 
interest to general radiologists would be promptly reprinted 
from the AJNR in the AJR. The Seattle office provided redac- 
tory services for both journals. The acceptance of this unusual 
arrangement, which benefits readers of both journals, was 
directly attributable to the cooperative efforts of Drs. Taveras, 
David Davis, Gagliardi, and Figley and the Publication Com- 
mittees of the two Societies. The AJNR was an almost 
immediate success, both scientifically and financially. In 1986, 
The American Roentgen Ray Society relinguished ownership 
of the AJNR to the American Society of Neuroradiology with 
the gratifying knowledge inat a real service had been done 
for radiology by helping to launch a journal that in a few short 
years had become the leading neuroradiologic journal in the 
world. The cooperative arrangement for joint publication of 
articles still continues and should serve as a model for other 
subspecialty journals. 

Dr. M. Paul Capp succeeded to the chairmanship of the 
Publication and Editorial Policy Committees in 1981 and con- 
tinued the fine relationship with Williams & Wilkins. He over- 
saw the financial operations of both editorial offices and has 
maintained the profitability of both Journals. In 1985 he di- 
rected the selection of a new editor. 


Interesting Highlights 


Many interesting anecdotes are associated with the publi- 
cation of the Journal over the years. In 1974, for example, 
there were three radiologists in the Soviet Union who sub- 
scribed to the Journal. At that time the Soviet government 
requested permission to make 120 photocopies of the 
monthly issues in return for a small payment. This request 
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was denied by the Publication Committee and the Executive 
Council, and in the following year, two of the three subscrip- 
tions were cancelled. The single subscription in the USSR 
continues to this day. 

In the early 1950s, when the printer of the Journal was 
having labor problems, it was not uncommon for two or three 
issues to appear simultaneously, one on time and the others 
several months late. In 1976, July arrived before June to the 
consternation of the horoscopists! Fortunately, the present 
publisher assiduously respects the calendar, and the Journal 
consistently is delivered to readers during the first week of 
its publication month. 

Reading the early issues of the Journal is pure delight, and 
it can be startling to read about a Kathode [sic] or see a 
reference to the Becquerel rays. There is even a discussion 
of sales of “burn-proof” X-ray equipment. In 1902, Dr. J. 
Rudis-Jacinsky of Cedar Rapids, IA, reported on the first 
involvement of X-rays in a malpractice suit [8]. The allegations 
against the attending orthopedist were that he had set the 
fracture poorly, but the serial skiagraphs [sic] showed that 
this was actually a refracture. At the time, X-ray photographs 
in judicial actions were not always acceptable. In one verdict 
the judge ruled, “In an action against a physician for negli- 
gence, X-ray photographs are admissible with a proper cau- 
tion against their being treated as infallible” [9]. An interesting 
footnote to this story is that an editorial published in 1930 
complained that malpractice rates were as high as $32/year, 
with an extra $14 added on for those using therapy equipment 
or radium! 

An article published in the April 1911 issue of the American 
Quarterly of Roentgenology dealt with the treatment of malig- 
nant lesions [10]. In his summary, the author proudly an- 
nounced, “With regard to dosage, | have thrown out all the 
apparatus for measuring. | use my brain and my experience.” 
So much for physics! 

The Journal also carried momentous science. In 1914, W. 
D. Coolidge presented his classic paper on the new type of 
vacuum roentgen ray tube, “A Powerful Roentgen Ray Tube 
with a Pure Electron Discharge” [11]. The invention of the 
vacuum X-ray tube was a turning point in radiology, and the 
original paper in volume 1 of the AJR should be read by all 
radiologists, especially younger radiologists who are inter- 
ested in knowing about the origins of the field. 

In 1930 the AJR carried another breakthrough article, by 
Dr. Stafford Warren, titled “Roentgenologic Study of the 
Breast” [12]. While there is no reference to radiographic 
technique, the reproductions are outstanding and are equal 
to those we make today with far more sophisticated equip- 
ment. It is interesting that Dr. Warren used almost the same 
diagnostic criteria as those in use today. 

Early issues of the Journal also dealt with political matters. 
In an editorial published in 1931 [13], Dr. T. A. Groover 
questioned whether radiology could survive as a specialty 
and whether its work would be taken over by other special- 
ties, partly because of the indifference of many hospital 
administrators to the needs of radiologists. Dr. Groover said, 
“Whenever radiologists gather together, one is apt to hear 
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expressions of apprehension as to the future of radiology as 
a specialty of medicine.” 

Seen from the perspective of 82 years of the AJA, every- 
thing is different, yet in some ways nothing has changed. The 
same concerns held by the leaders of the American Roentgen 
Ray Society in 1910 are the concerns of the leadership today. 
Also, successive editors have been concerned about ad- 
vances in technology that recently have spawned many new 
journals. However, through all the changes, the American 
Journal of Roentgenology has continued its high standards of 
educational service to the radiologic community. When some- 
one writes another history of the AJR, perhaps in a future 
anniversary issue, it will surely be reported that the vision of 
its founders was realized throughout the years and that the 
American Journal of Roentgenology has never failed in its 
mission and obligation to its readers. 
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ROENTGEN EXAMINATIONS FOR HEAD INJURIES 


By A. L. GRAY, RICHMOND, VA. 


To no exposed part of the human anat- 
omy is traumatism followed by results so 
uncertain, as to the cranium. Injuries ap- 
parently trivial often produce the gravest 
consequences while the converse is also not 
infrequently true. 

The opinion of the Roentgenologist is 
more relied upon by the surgeon in cranial 
examinations than in almost any other of 
the diagnostic fields of Roentgenology, and 
the necessity for accuracy in technique and 
conclusions is plainly evident. The import- 
ance of examining the skull after injuries 
of only moderate severity has so often been 
impressed by the Roentgen findings that it 
needs no comment in advocacy thereof. Per- 
mit me to say, however, that in infants and 
very young children the thinness of the 
cranial vault renders injury to the intra- 
cranial structures far more liable than in 
adults, and the damage often escapes detec- 
tion until some serious manifestations ap- 
pear in later life. It seems entirely reason- 
able to conclude that permanent injury often 
results from the carelessness of a nurse, who, 
on her daily trips to the park, having for- 
gotten her charge by reason of the atten- 
tions of the ever present suitor, is awak- 
ened from her dreams by the cry of the little 
one who has tumbled from the bench or has 
pitched head first from its carriage to the 
pavement beneath. Such injuries as these 
are usually never reported to the parents, 
and the abrasion or contusion, if noticeable, 
is explained in some other plausible way. 
The convulsions and palses that come on 
later are called idiopathic or are attributed 
to birth trauma and the true cause remains 
forever unknown. 

In injuries of greater severity it is very 
common for the patient to be rendered im- 
mediately unconscious, and perhaps, in a 
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few hours the mind clears and the attending 
physician dismisses the case as one of ‘‘con- 
cussion of the brain.” The real nature of 
the injury may or may not be revealed later. 
Unfortunately fracture of the skull usually 
does not give rise to focal signs that can be 
detected, and inspection, palpation, and per- 
cussion are very imperfect guides. The 
presence of haematomata is usually a most 
valuable sign, but may be misleading and 
often in extensive fractures this sign is en- 
tirely wanting. The value of the Roentgen 
examination should be not alone in ascer- 
taining whether or not a fracture be present, 
but, in the absence of other determining fac- 
tors, in enabling the surgeon to decide 
whether or not an operation is indicated 
and the site and nature of the operation if 
it is deemed advisable. If craniotomy be 
considered unnecessary, the permanent rec- 
ord of the Roentgen plate will be a guide 
for a future operation, should the subse- 
quent history of the case demand it. 

For accuracy in the diagnosis the sharp- 
est possible detail is demanded. Unless this 
be obtained, a definite exclusion of fracture 
can not be made. To exclude fracture the 
plates should show plainly the bone struc- 
ture, sutures, and fine grooves for the smaller 
branches of the epi-dural and diploic ves- 
sels. In the very young, where the grooves 
are too faintly marked, the outline of the 
skull should be sharply cut throughout, and 
all the sutures clearly visible. 

The difficulty of obtaining detail in plates 
of supposed head fractures is familiar to all 
of us who are connected with emergency 
hospitals. The patient is usually not only 
unable to give intelligent assistance, but 
oftener than otherwise, resists all efforts to 
keep his head still. The ingenuity of the 
operator and his assistants is sorely taxed. 
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It is especially difficult to obtain sharp stereo- 
scopic plates, since the time required in ex- 
posures and shifting must be from 2 to 8 
seconds, and all the usual braces and weights 
must be discarded. The motion of respira- 
tion and even the cardiac impulses must be 
overcome. 

Of the methods devised for surmounting 
these obstacles I wish to mention the use of 
sand bags against the chin or chin and nucha, 
padded clamps, and a modified lateroprone 
position with the upper shoulder supported 
so as to allow free antero-posterior move- 
ment of the chest in respiration. 

In children it is often possible to make 
a quick single exposure at the end of expira- 
tion, and in adults I have taken advantage 
of the long pause in the Cheyne-Stokes type 
of respiration that is not infrequent when 
the injury is grave. 
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I have employed recently a very simple 
and effective method of holding the head 
still without the use of clamps, weights, or 
other apparatus that might tend to interfere 
with the interpretation of the plates. I use 
two or more lengths of gauze bandage 2% 
or 3 inches wide, and loop the middle of 
one of them around the patient’s head, fas- 
tening the free ends to some suitable fixed 
portion of one side of the table. The sec- 
ond bandage is correspondingly placed with 
the free ends toward the opposite side. The 
head is thus pulled from two opposite direc- 
tions and when the tension is sufficient to 
stop all movement, the free ends of the 
second bandage are securely tied to the table. 
If these two are found insufficient without 
exerting too great force, a third bandage 1s 
looped under the chin and fixed at the head 
of the table. Should the table be so con- 
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structed as not to furnish convenient fixed 
points for the attachment of the bandages, 
I employ heavy sand bags to which the free 
ends of the bandages are tied. There is thus 
afforded support from all sides and percep- 
tible motion is usually entirely abolished. 
The transparency of the bandages permits 
the making of head plates unmarred by ex- 
traneous objects. In some of my sharpest 
plates I have given an exposure of as much 
as ten seconds while the patient's respira- 
tion proceeded normally. 


Since the extent of a cranial injury can 
be determined far more accurately by the 
stereoscope, whenever possible this method 
should be pursued, but if detail is not prac- 
ticable it is necessary to make single plates 
from several directions. 


The position of the head for the Roentgen 
examination is usually suggested by the 
presence of contusions or other marks of 
violence, but these are by no means always 
present. This is often true of fractures 
about the base where the injury has been 
produced by indirect violence. The usual 
bleeding from the ears, nose or eves 1s not 
a constant accompaniment. 


By far the greatest amount of informa- 
tion may be obtained from a stereoscopic 
examination made with the head placed on 
one side with its mesial plane parallel with 
the plate. The target should be in a ver- 
tical line through the bregma, and the tube 
should shift transversely with this line as a 
center and at a distance not greater than 
22 inches from the plate. This position not 
only shows the vault clearly but also admits 
of a better view of the base. In the absence 
of guiding factors, an examination thus 
made will prove most advantageous. 


The best position for plates of definite 
portions of the skull will suggest itself read- 
ily to the experienced Roentgenographer. A 
general rule, however, that may be applied 
is, attempt not only to throw the part in such 
a position on the plate that the overlying 
structures will not confuse the picture, but 
so place the head and direct the rays that 


the region sought will stand out as conspicu- 
ously as possible. 

For a correct interpretation of the plates 
it 1s clearly necessary that the Roentgenolo- 
gist should be thoroughly familiar with the 
normal grooves and depressions i in the skull. 
The presence of exaggerated Pacchionian 
depressions has occasionally caused a con- 
siderable degree of perplexity in injuries 
supposed to have been preduced by punctur- 
ing bodies. The development of the skull 
and the presence of Wormian bones and the 
sutures surrounding them should be held in 
mind especially in the young, lest they lead 
to a misinterpretation. Perhaps the most 
difficult fracture of the vault to recognize 
Is one occurring in the groove for the trunk 
of the middle meningeal artery. It a linear 
fracture 1s confined to this groove, it is ques- 
tionable whether it can be recognized. Dip- 
loic veins especially the anterior and pos- 
terior temporal often produce very marked 
thinning of the bones along their courses 
and may be mistaken for fractures. 


In one case in my experience a linear frac- 
ture followed the course of an abnormally 
large diploic vein. Upon operation it was 
found that the outer table only was im- 
volved. It may be generally stated that, if 
the plate throughout shows no blurring, a 
fracture line will appear sharply cut and 
with characteristic angles and irregularities, 
while a vessel groove or canal shades from 
its center to the edges and disappears into 
the adjacent bone. 

Having determined the presence and ex- 
tent of a fracture, the Roentgenologist is 
frequently called upon by a surgeon for ad- 
vice as to the course to be pursued by him. 
The special points to be considered are: 

1. The Location. This should be con- 
sidered both as regards probable damage to 
vital portions of the intra-cranial contents 
by the causative injury and also the degree 
of traumatism entailed by an operation at 
the site involved. The location should also 
be considered in relation to extra-cranial 
structures especially the nasal, pharyngeal, 
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and auditory cavities in regard to the prob- 


ability of infection through compound 
wounds. 
2. Shape. Whether linear, circular, 


stellate or of a jagged and irregular course. 
These points will, to a great degree, aid in 
determining probable localized pressure from 
depressed fragments. 


3. Size of the fissure, or the amount of 
separation of the edges of the fragments, 
which also gives an idea of the probable 
damage to the soft tissues as well as the 
possibility of hernia or excessive scar tissue 
at the side of the wound. 

4. Course, as to the probability of dam- 
age to blood vessels, nerves or other im- 
portant structures. 

5. Whether the margins are overlapped 
or are dodging each other. From consid- 
eration of these points we may obtain valu- 
able information in estimating the extent of 
the fracture, the injury to soft structures 
and the degree of compression. 


6. Age. By reason of the thinness and 
pliant condition of the skull of an infant, 
it 1s probable that a marked degree of ac- 
commodation may take place resulting in 
perfect compensation or complete return to 
the normal. A blow that would cause a de- 
pressed fracture in the adult will often pro- 
duce an indentation without fracture in the 
very young child. In such cases, intra-cran- 
ial pressure alone may obliterate the depres- 
sion. The possible interference with cere- 
bral development at the site of the injury, 
however, should be carefully weighed. The 


of this issue. 
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patency of the fontanelles is to be consid- 
ered in operations for general decompres- 
sion. Nature's method of relieving the sit- 
uation may leave less scar tissue and close 
in the cranial orifice far more perfectly than 
the most skilful surgeon. 

Finally it is very important that the Roent- 
genologist should follow his patient to the 
operating table taking with him the plate or 
an accurate diagram of the conditions. He 
should, if possible, remain throughout the 
operation to see that the impressions he has 
received are also in the mind of the operator. 

312 E. Franklin St. 


SLIDES 
1. Showing detail. Jones. Hematoma. 
2. Same. Headon. Fracture Mastoid. 


3. Sand bag against chin only. Thompson 
child. Fracture extensive and dodging. 


4. Padded sand bags. Bigger. Fracture Occi- 
pital bone. 
5. Padded clamps. Malcom. Multiple cracks. 


Aeroplane case. 


6. Shoulder supported. No other fixation. 
Moorefield. 
7. Quick exposure at end of expiration. Nash 


child, crying. Dent in frontal bone. 

8 Interval of Cheyne-Stokes respiration. 
Hoagland. Extensive gaping fracture of 
parietal. 

9. Illustrating also separation of margins. 
Sack. Fracture of  parieto-temporal 
region to parieto-occipital suture. 

10. Jllustrating head held in position. 

11. Same showing centering rod over bregma. 

12. Radiograph of same head immediately after 
last photo. (One of stereoscopic pair.) 

13. Same case as No. |. Stereoscopic with head 
fixed by bandages. 

14. Exposure of 8 seconds. One of stereoscopic 
pair, head fixed by bandages Dr. Clark. 


The reader's attention is directed to the Commentary on this article, which starts on page 13 a 
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A Tribute to a Pioneer Radiologist: Alfred Leftwich Gray, 


M.D. (1873-1932) 


Craig E. Barnes' 


Dr. Alfred Gray, the 
author of “Roentgen 
Examinations of 
Head Injury,” first 
published in Volume | 
of the AJR (1914) and 
now published again 
in this issue (see p. 
7), Was a pioneer ra- 
diologist who prac- 
ticed in Richmond, 
VA, from 1902 to 
1932 [1]. He served 
on the faculty of the 
University College of 
Medicine in Rich- 
mond as an instructor 
in anatomy and or- 
thopedic surgery from 1899 to 1901 and as professor of 
physiology from 1901 and 1913. When the University College 
merged with the Medical College of Virginia (MCV) in 1913, 
he was made an associate in roentgenology. In 1916, he 
became the first professor of roentgenology at MCV, a posi- 
tion that he held until his death 16 years later. He also served 
as Dean of the medical school from 1913 to 1920. 

In 1910, 15 years after the discovery of X-ray, there were 
a few hundred physicians practicing radiology in the United 
States. A survey of the members of the American Roentgen 
Ray Society in that year showed that of those responding, 
only 27% limited their practice to radiology, while the remain- 
der divided their time between this and another specialty or 
general practice. Dr. Gray, who began his X-ray work in 1902, 
had limited his practice to radiology in 1908. His training and 
background in pathology, anatomy, and physiology made him 
particularly well suited for this new field. This is evidenced by 
his success as a radiologist and by his authorship of more 
than 35 articles about the application of X-ray in diagnosis 
and therapy. 

The subjects of his publications ran the gamut of the 





diagnostic and therapeutic radiology of his day. Some of his 
papers focused on clarifying myths and misconceptions about 
X-rays, and other papers of his concentrated on the proper 
use of X-rays. His first paper, published in 1903, “X-rays in 
the Treatment of Superficial Cancer,” described the curative 
action of X-rays, the need for shielding normal tissue, and the 
importance of directing the radiation only to the cancer. 
Another paper, written in 1906, documented the first suc- 
cessful application of X-ray therapy in the treatment of bladder 
cancer. In 1908, he wrote a paper dealing with the value of 
X-ray in the diagnosis of such conditions as kidney stones, 
bone diseases, and aneurysms of the aortic arch, in which he 
discussed the importance of having films interpreted by radi- 
ologists rather than by less-qualified physicians. In an article 
about the diagnosis of chest disease written in the same year, 
Dr. Gray emerged as one of the first radiologists to advocate 
the use of radiologic plates rather than fluoroscopy in chest 
diagnosis. His seminal article, “Roentgen Ray Examination of 
Head Injury,” published in 1914, is reproduced in this issue of 
the Journal (see p. 7). 

When Gray limited his practice to radiology he became part 
of a small group of physicians who called themselves “radi- 
ologists.” These pioneers formed the American Roentgen Ray 
Society and the Radiological Society of North America in an 
attempt to elevate the use of X-ray for diagnosis and therapy 
to the status of a medical specialty. Gray's advocacy of this 
plan is clearly seen in many of his papers and addresses in 
which he stressed the importance of radiation protection and 
the value of X-rays in diagnosis; he also pointed out that the 
true value of the radiologist lay not just in his ability to take 
X-rays, but rather in his ability to interpret them. 

A man of great energy, Dr. Gray served as president of the 
American Roentgen Ray Society in 1915. In his presidential 
address to the Society, titled “A Brief Review of the Progress 
of Roentgenology in the Past Decade,” he looked back at the 
advances in X-ray apparatus, diagnosis, and therapy [2]. The 
major progress in X-ray machines centered around improve- 
ments in generators and X-ray tubes. New generator systems 
had allowed X-ray operators to control voltage and increase 
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amperage, thus enabling them to speed up exposures so that 
they could stop the motion of the heart on chest radiographs, 
an impossible feat in 1905. In X-ray tubes, the hot cathode 
was introduced, and this in turn led to greater consistency 
and reproducibility of the X-ray beam. Progress in diagnosis 
was at least in part attributed to equipment changes that 
allowed for speed and uniformity of exposures, thereby mak- 
ing radiographs more useful and avoiding the dangers of 
fluoroscopy without significant loss of information. Another 
advance in diagnosis during the same decade was the stand- 
ard use of contrast media for the detection of gastrointestinal 
diseases. 

Dr. Gray died in 1932 after enduring a long bout of renal 
cancer. Thus ended the life of a pioneer radiologist to whom 
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all subsequent generations of radiologists owe a debt of 
gratitude. 
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Neuroimaging and Head Injuries: Where We’ve Been— 


Where We’re Going 


Robert M. Quencer’ 


Had Dr. Alfred Gray known 75 years ago that his article, 
“Roentgen Examinations for Head Injuries,” [1] would be 
chosen as the focus for a commentary in a jubilee issue of 
the AJR, he might have been surprised, particularly if he had 
known that it was going to serve as the starting point for 
discussing advances in the imaging of head trauma. He would 
have thought it highly improbable that in future years, visual- 
ization of the cerebral vasculature would be achieved by direct 
injection of radiopaque material into the carotid and vertebral 
arteries, he would have thought it nearly impossible that 


Fig. 1.—Skull films. Lateral films show two 
major types of fractures, linear (A, arrows) and 
depressed (B, arrow). Fractures should be de- 
scribed in terms of their extent, location, depth 
of depressed fragment, and relationship to major 
vessels. 


layered sections of the brain could be visualized by the use 
of computer manipulation of X-ray data, and he would have 
thought it in the realm of science fiction that large magnets 
and RF energies could be used to form an image of the brain 
based on its hydrogen content. Because of the remarkable 
technological advances radiologists have witnessed over the 
past 2 decades, we, probably more than our predecessors, 
are capable of reflecting on what may be contained in volume 
200 of the AJR, 25 years from now, when the brain-injured 
patient is discussed. 











This article is a commentary on the anniversary reprint by Gray, which starts on page 7 of this issue. 


Received July 31, 1987; accepted August 24, 1987. 


' Department of Radiology (R-308), Division of Magnetic Resonance Imaging, University of Miami School of Medicine, P.O. Box 016308, Miami, FL 33101. 
AJR 150:13-18, January 1988 0361-—803X/88/1501-0013 © American Roentgen Ray Society 


14 QUENCER 


1913 


Before we look closely at the present and envision the 
future, it may be worthwhile to step back in time and examine 
Gray's article and assess what impact it may have had on the 
radiologic diagnosis of head trauma. Before 1913, there were 
only a few reports on skull radiography [2], and published 
information concerning the radiographic findings in head 
trauma was scant. Although no radiographs accompanied 
Gray’s report, it is likely that his short article was considered 
by his peers to be an important contribution to the literature 
because it dealt with techniques of skull radiography, it re- 
ported methods used to diminish patient motion, it described 
the appearance of skull fractures, and it differentiated these 
fractures from normal structures. 

From the comments in the opening paragraph of his article, 
it is evident that Gray recognized the fact that skull films 
address basically the issue of bone injury and do not speak 
directly to underlying brain damage. It was known that the 
radiographic signs of injury might be small but the clinical 
consequences could be great. Problems described by Gray 
in the interpretation of skull films have been the subject of 
many published articles over the years, and in fact, those 
same problems plague today’s emergency room radiologists. 
The difficulty of distinguishing normal anatomic structures 
such as sutures, diploic veins, and dural vessels from frac- 
tures is, as Gray recognized, partly alleviated by good-quality 
films, but as we know, it is most effectively addressed by an 
experienced eye. Since head-injured patients should not be 
heavily sedated, patient motion is handled today with re- 
straints in much the same manner as in 1913. In gravely ill 
patients, Gray took advantage of the apneic episodes that 
occurred during Cheyne-Stokes respiration to reduce image 
degradation due to motion. His recommendation that a frac- 
ture be described in terms of its location, shape, size, rela- 
tionship to blood vessels, and possible depression is still valid 
today (Fig. 1). This type of information was undoubtedly of 
value to the attending surgeon, who may have been consid- 
ering trephination, the common method of decompressing 
extraaxial hematomas at that time. Of interest, also in 1913, 
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Stewart [3] in the AJR and Luckett [4] in the surgical literature 
independently reported the same patient who had suffered a 
fracture through the frontal sinus and developed pneumo- 
cephalus, an entity that had not been described previously. 
How in 1913 this ability to radiographically assess head 
trauma affected patient outcome is not known, since such 
clinical data were not collected on a large scale. 


1943 


By the time the 50th volume of the AJR was published in 
1943, pneumoencephalography and arteriography had al- 
ready been introduced. Air ventriculography was first de- 
scribed by Dandy [5] in 1918, and his article was reprinted in 
the AJR shortly thereafter [6]. Arising from this seminal work, 
which incidentally Lindgren [2] believed signaled the birth of 
neuroradiology, came many reports on pneumoencephalog- 
raphy, but limited use was made of this technique in the 
acutely head-injured patient. The obvious danger of perform- 
ing a lumbar puncture and injecting air into the subarachnoid 
space in the face of a potentially expanding intracerebral 
mass was well known. The successful radiographic demon- 
stration of the cerebral blood vessels by Moniz in 1927 (cited 
in [2]) was a medical advance of landmark proportions. How- 
ever, it was not until the 35th volume of the AJR in 1936 that 
direct injection of contrast material into the carotid arteries 
was described [7]. It appears, however, that this technique 
was rarely, if ever, used in head injuries, and skull series 
remained the primary means of imaging these patients. In 
fact, as if to emphasize this point, in 1943 an article on skull 
fractures [8] reiterated some of the same observations con- 
cerning skull fractures vs normal structures made by Gray 30 
years earlier. 

Of interest, in November 1942, on the eve of the 50th 
volume of the AJR, it was shown for the first time that a dye 
injected into a patient at the time of surgery could be seen to 
stain cerebral tumors [9]. Six years after this demonstration 
of blood-brain barrier breakdown, Moore [10] reported the 
ability to detect brain tumors with the aid of an external 
counting system after the injection of radioactive diiodoflu- 


Fig. 2.—Cerebral angiography. Before CT, 
cerebral angiography was often used in acute 
head trauma to distinguish extra- from intraaxial 
hematomas. 

A, Diagnosis of extraaxial mass (acute sub- 
dural hematoma) was made because of separa- 
tion between brain surface (solid arrows) and 
inner table of skull (open arrows). 

B, Extravasation of contrast material (straight 
solid arrows) from middie meningeal artery 
(curved arrow) into large epidural hematoma is 
seen. Fracture line (open arrows) extends 
across meningeal groove, and tracking of con- 
trast material along meningeal groove is noted. 
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Fig. 3.—CT. 
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A and B, First-generation CT scan (A) (EMI Mark |) in 1976 clearly shows the presence of left (early CT scans were viewed from superior to inferior) 
parietal subdural hematoma. Angiography was obviated in such cases. Configuration of the hematoma in A is different from biconvex shape of the epidural 


hematoma seen in B, which is from a later-generation scanner (GE 8800). 


C, Distinction between extra- and intraaxial hematomas and contusions in left frontal lobe (GE 9800) is rapid and accurate. 


orescein. One of Moore's original 12 cases was in fact sus- 
pected preoperatively of having a subdural hematoma, but at 
surgery a meningioma was found. This problem of distinguish- 
ing between different types of convexity lesions continued to 
be noted in later years. From these roots, radionuclide scan- 
ning took hold with the development of newer isotopes and 
improved methods for detecting the emitted radiation. Uses 
for radionuclide scanning in head injuries were reported in 
subsequent years. 


1967 


In the 100th volume of the AJR, published in 1967, fractures 
and distortions of the newborn skull occurring during delivery 
were described and illustrated [11]. Again, as in articles 
published in 1913 and 1943, the necessity of distinguishing 
fractures from normal structures was stressed. 

Just 1 year before the 100th volume of the AJR, an article 
was published showing the appearance of subdural hemato- 
mas and their imitators on radionuclide brain scanning with 
*°"Tc-pertechnetate [12]. This technique was applicable to 
chronic extraaxial collections such as subdural hematomas, 
since a membrane that could concentrate the radionuclide 
had to form before abnormal activity was seen. Flow studies 
made practical by the development of the gamma camera 
could show diminished flow to the hemisphere, where a 
sizeable subdural hematoma was present. Despite this, brain 
scanning over the years made little impact on the diagnosis 
and treatment of acute head injuries, because under emer- 
gency circumstances, angiography was required. Even in 
instances of suspected chronic subdural hematomas on radio- 


nuclide studies, angiography was often needed for definitive 
diagnosis. 

Although by the mid-1960s the use of selective cerebral 
angiography had begun, direct carotid artery puncture in the 
evaluation of acute head trauma was frequently employed. 
This technique was useful in determining the presence or 
absence of an intracranial mass and distinguishing intra- from 
extraaxial collections (Fig. 2). One report [13] indicated that, 
before the widespread use of cerebral angiography, one-half 
of all exploratory burr holes for subdural hematomas were 
negative for clots. While carotid and brachial angiography 
were important in the treatment of head injuries, two articles 
published in 1967 showed that a number of entities could 
masquerade as subdural hematomas [14, 15]. The need to 
visualize the hematomas themselves rather than infer their 
presence by vascular displacement was clearly needed. The 
answer to this problem was just around the corner in the form 
of CT. 


1988 


Now, at the time of the publication of the 150th volume of 
the AJR, a number of methods exist for examining head 
injuries. It was, however, the epic advance in neuroimaging, 
made possible by the development of CT [16], that had the 
greatest impact on the evaluation of these patients. With CT, 
most of the questions left unresolved by skull films and 
angiography were answered. On an acute basis, intracerebral 
hematomas were distinguished from edema, and the exact 
location and size of a hematoma, whether intra- or extraaxial, 
was determined (Fig. 3). The necessity of empirically perform- 
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Fig. 4.—MR imaging. MR is not currently used in acute head trauma, but can play a role when there are absent or equivocal findings in subacute or 


chronic trauma. 


A, Hyperintense signal on T1-weighted image with a repetition time (TR) of 850 msec and echo time (TE) of 26 msec (0.5 T, Picker Vista) extends along 


entire left cerebral convexity and involves right occipital extraaxial space. 


B, Hyperintense signal (TR = 1000 msec, TE = 26 msec) in left cingulate gyrus in patient with significant trauma 3 weeks before this study. Both A and 
B show shortening of T1 relaxation times consistent with methemoglobin within subacute hematoma. Mass effect caused by hematomas is evident in both 


cases. 


C, Bifrontal hyperintense signal abnormalities (long arrows) and hydrocephalus (short arrows) are present on T2-weighted image (TR = 2000 msec, TE 
= 80 msec) in patient who had trauma in remote past. Areas such as these may explain cognitive dysfunction or personality changes and may correlate 


with areas of abnormal metabolism on positron emission tomography. 





A B 


ing bilateral craniotomies, or worse, performing a craniotomy 
only to find a diffusely swollen brain (as frequently happened 
in the pre-CT days), was eliminated. A decade and a half of 
experience has shown CT to have been the most significant 
development in medical imaging of the injured brain. 

It is reasonable to wonder how such an advance affected 
the prognosis of patients with acute head injuries. The first 
attempt to collect data on a significant number of head injuries 
was begun in 1968 at the Institute of Neurological Sciences 





Fig. 5.—Positron emission tomography (PET). 

A, PET scan (PETT V Scanner) with F18 fluo- 
rodeoxyglucose in patient who had experienced 
severe frontal head trauma in the distant past. 
Evidence is seen of decreased glucose utiliza- 
tion in left and right frontal lobes (green areas). 

B, Lower level. Asymmetry in glucose utiliza- 
tion between left and right inferior temporal 
lobes, with decreased metabolism on left. Rela- 
tively high activity (red) in cerebellum reflects 
generally lowered metabolism in rest of brain. 


in Glasgow, and in 1977 the results of 700 severe head 
injuries from Scotland, The Netherlands, and the United 
States were published [17]. It appeared that few if any CT 
scans were obtained because the only radiologic studies 
mentioned were skull films. The absence or presence of an 
intracranial hematoma was based on clinical or surgical find- 
ings. Six months after their injuries, approximately 50% of 
the patients had died and 20% had a recovery judged to be 
“good,” although good did not necessarily mean restoration 
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of normality or a return to work. In the remaining 30%, 
significant disability remained. 

The establishment of a cooperative effort in the United 
States to collect information on hospitalized patients with 
severe head injuries was reported in 1983 [18] and included 
the results of CT scanning. It is difficult, however, to determine 
the effect that CT alone has had on the improved prognosis 
of severely head-injured patients, because during the acute 
stages of the injury many of the medical measures now 
commonly used were not used in the past. Intubation, main- 
tenance of blood pressure and oxygenation, hyperventilation, 
hyperosmotic diuresis, intracranial pressure monitoring, and 
CT have all contributed to decreased morbidity and mortality, 
particulariy when this care is delivered by a regional trauma 
center and/or when the primary admission is to a neurology 
or neurosurgical unit. CT findings that correlate adversely 
with prognosis are known and include focal lesions and 
obliteration of the basal cisterns [19]. Even though CT can 
demonstrate some of the pathologic conditions, it alone can- 
not be used as a predictor of patient outcome, and CT is 
believed, therefore, to be of greater diagnostic than prognos- 
tic value [20]. 

Recent publications have shown the general relationship 
between the degree of severity of the initial injury and the 
outcome of survivors [21]. In severe injuries with an initial 
Glascow Coma Scale (GCS) of 7 or less, the outlook is bleak, 
and if the patients survive, a residual disability is expected. In 
moderately severe injuries (GCS of 8-11), estimates are that 
up to two-thirds of those patients will have a residual disability; 
in mild injuries (initial GCS of 13-15), a 10% disability can be 
expected. 

During the 1970s and early 1980s, while CT was being 
refined and new generations of this equipment entered the 
market, the groundwork was being laid for the eventual 
emergence of MR as a useful imaging tool. Although the 
phenomena of nuclear magnetic resonance had been discov- 
ered years before, Damadian [22], in a landmark article in 
Science, reported the ability to detect the presence of solid 
malignant tumors in rats by the measurement of T1 and T2 
relaxation times. This discipline was advanced further by 
Lautebur [23] when he described “zeugmatography,” a 
method for the formation of an MR image. With this technique, 
spatial information could be derived by noting the response 
of a sample to an inhomogeneous environment. Four years 
later in 1977, the first MR images in a human were published, 
first in a wrist [24] and then in a hand [25]. 

In three separate articles in 1980, the first brain MR images 
were published [26-28]. By comparing those early images 
with the high-quality scans currently available on high-field- 
strength systems, it is obvious that a quantum leap in medical 
imaging has occurred in the past half decade. Despite the 
exquisite anatomic detail MR affords us (Figs. 4A and 4B), it 
has no defined role in the management of acute head trauma. 
The answers necessary to care for these patients are more 
Straightforward and far easier to obtain with CT than with 
MR. It is probable that, in the chronic head injury, MR will 
play an increasingly significant role by depicting areas of 
contusion, gliosis, and encephalomalacia that may not be 
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seen on CT (Fig. 4C); as a result, the subtle long-term 
problems of cognitive dysfunction, learning disabilities, and 
memory loss may be explained. Positron emission tomogra- 
phy, which portrays the diminished regional metabolism ac- 
companying functional impairments from head injuries (Fig. 
5), may, in conjunction with MR, also find a wider use. How 
this information will translate into patient care remains an area 
of surgical and neuropsychological speculation. 


The Future 


In the future, we can expect specialized imaging of the 
brain that will reflect the important neurophysiological 
changes that occur in chronically injured brains. Focal 
changes in sodium and other ions as determined with MR 
could give additional clues in explaining the presence and 
type of neurologic dysfunctions in some of these patients. It 
is also within the realm of possibility that we will one day have 
the means of detecting and imaging the neurohumoral media- 
tors of brain injury. It is hoped the ability to more successfully 
manage and treat patients will result from such studies. In 
addition to these technological advances, future epidemio- 
logic studies could reveal how new therapeutic regimens and 
imaging techniques affect the long- and short-term outcomes 
of patients with head injuries of varying severity. The impact 
of these medical advances would then be clear. 

The radiologic evaluation of the head-injured patient has 
come a long way since the publication of the inaugural issue 
of the AJR. Within a relatively short period of time, imaging 
techniques that in Dr. Gray’s time would have been consid- 
ered impossible are now routinely used. One can only hope 
that in the year 2013, when the fourth jubilee issue of the 
AJR is published, physicians will comment on how crude our 
techniques were in 1988 and how far medical imaging and 
treatment have progressed in the past 25 years. 
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Editorial 


Threats to the Quality of Peer-Reviewed Radiology 
Journals: Identification of the Problem and 


Possible Solutions 


Robert N. Berk' 


The publication of the third jubilee-anniversary volume of 
the AJR, volume 150, coincides with the completion of my 
second year as editor of the Journal. The work in these 2 
years has been interesting and satisfying, but it also has been 
sobering: sobering because of a growing realization that 
publication in radiology could and should be substantially 
more than it is. 

Compared with volume 50, which appeared in 1943, or 
with volume 100, which appeared in 1967, the quality of the 
Journal has unquestionably improved. Papers are now more 
sharply focused and more carefully written and edited, and 
they are published in a more timely fashion. Most authors are 
to be congratulated for their perspicacity, industry, high stand- 
ards, and dedication to the goal of the Journal, which is to 
enrich the general fund of radiologic knowledge. They submit 
well-polished papers of increasing significance and are largely 
responsible for the progress made since earlier anniversary 
volumes of the Journal. 

Nonetheless, some authors are also responsible for shallow 
offerings, duplication, poor scholarship, careless workman- 
ship, and even dishonesty. Other peer-reviewed radiology 
journals are similarly affected. Submissions of such character, 
and there are many, threaten the quality of the journals and 
demean the honor and trust inherent in all scientific publica- 
tions. This editorial examines these threats and how they 
erode journal quality, and suggests strategies for remedying 
the situation. 


The infractions that pose the threats are particularly trou- 
blesome because they are pervasive. Authors are guilty when 
they are so driven to publish a large number of papers that 
they lose sight of the importance of quality. Some apparently 
feel no shame in having their names associated with careless, 
trivial, unsound, or unoriginal articles. They recognize that 
their work is second-rate, but they are willing to have it 
published if it escapes rejection through some flaw in the 
review process. 

The quality of the journals is threatened when authors 
submit manuscripts to more than one journal at the same 
time, when they duplicate previously published reports, or 
when they purposefully fragment their manuscripts to in- 
crease the number of papers that they publish. An author's 
refusal to postpone writing a paper until a large number of 
cases is available also impairs quality; it usually means the 
difference between a Classic article and an inconsequential 
one. 

Radiologists who allow their names to be listed as a coau- 
thors when they have made no substantive contribution to 
the article detract from the integrity of the journals [1]. They 
make a mockery of authorship [2]. Being a coauthor implies 
active participation in the research. A coauthor should be able 
to vouch for the adequacy and accuracy of both the data and 
the conclusions reached. Merely providing ideas or criticism, 
supplying funding and administration, or helping to write the 
manuscript does not constitute coauthorship. Abuse of coau- 
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thorship is a major reason why in the last decade there has 
been an exponential increase in the number of authors yet 
only a linear increase in the number of papers published [3]. 

Submission of articles that lack good scholarship is an 
affront to the journals. Such articles reflect a failure to plan a 
well-organized, properly controlled, prospective analysis of a 
particular problem. Often these are retrospective reports de- 
scribing studies that have either a poor experimental design 
or none at all. The authors of such articles make no effort to 
eliminate bias or provide controls, and their conclusions are 
unsubstantiated by the data provided. 

Authors who submit poorly written manuscripts for publi- 
cation show disrespect for the journals. These are muddled 
papers full of grammatical errors and garbled language. The 
focus of such papers is inconsistent, and the message is 
hopelessly blurred. They are written carelessly with no con- 
sideration of the guidelines provided for authors by the jour- 
nals. Such offerings force the editorial office to become a 
school for remedial English. This slapdash approach to the 
preparation of manuscripts suggests similar carelessness in 
the collection of the data, raising suspicions about the au- 
thenticity of the research. 

Authors further contribute to the problem when they are 
reluctant to revise their manuscripts in accordance with the 
suggestions made by the editor. Such arrogant authors view 
editors as adversaries rather than as partners. Speed rather 
than quality is their guiding principle. Moreover, when their 
manuscript is rejected, these authors do not even bother to 
correct the flaws pointed out to them before submitting the 
paper to another journal. 

The most serious threat to the quality of peer-reviewed 
radiology journals is, of course, fraud. This is an overt form 
of deception that involves fabrication, exaggeration, or pla- 
giarism of data in either laboratory or clinical research. Of all 
the transgressions, fraud is the most visible, the most malig- 
nant, and the easiest to define and identify. It is also the least 
tolerable. A prime example occurred at the University of 
California, San Diego, where authorities found that certain 
papers published in radiology journals by a member of the 
radiology department were based on experiments that were 
never performed or grossly exaggerated [4, 5]. 

Editors serve both the author and the reader in their zeal 
for quality. They are advocates for both parties in the infor- 
mation transfer. The bottom line of their work is to keep poor 
manuscripts out of print. Therefore, it is the editor’s fault if 
such manuscripts are accepted for publication. Editors are 
ultimately responsible for what is published. If papers are 
flawed, the journal is flawed; the editor is accountable. 


Extent of the Problem 


No data are available that allow an accurate estimate of the 
extent to which these problems threaten radiology journals. 
Up to now the acceptance of papers by journals has been 
based on trust, so there have been no audits to determine if 
that trust was being abused. 

There is no indication that the problems of deceit, poor 
scholarship, and careless workmanship are more serious in 
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radiology than they are in other medical specialties or that 
they are worse in the United States than in other countries. 
Most radiologists are completely honest and respectful in 
their dealings with the journals. Only a minority contribute to 
the problems that are the focus of this discussion. 

Optimists are confident that fraud is rare, whereas cynics 
are certain it occurs frequently. Both lack the evidence needed 
to justify their conclusions. Is the San Diego scandal only the 
tip of the iceberg? If the renowned pediatric radiologist John 
Caffey had devised a way to disclose fraud as he did to detect 
child abuse [6], would there be as much shock at the amount 
of fraud as there was at the frequency of child abuse? 

Even if complete fabrication of data is rare, how often do 
authors exaggerate the number of experiments performed, 
the number of cases reviewed, or the extent to which findings 
are confirmed? How often is the collected information inten- 
tionally distorted in order to exaggerate the certainty and 
importance of the author’s conclusions? 

The extent to which other, relatively less serious infractions 
threaten the quality of the journals is easier to assess. It 
cannot be denied that they are common and pervasive. Some 
deceptions seem to be accepted as a permissible part of the 
system. Unoriginal, poorly conceived retrospective studies, 
insignificant anecdotes, and slipshod manuscripts are re- 
ceived in editorial offices daily. Papers with more authors than 
cases are common. 

Cooper et al. [7] observed that articles with improperly 
designed protocols or incorrectly interpreted data are the rule 
in assessments of the efficacy of MR imaging. They evaluated 
the scientific quality of 56 reports on the efficacy of MR 
imaging in 10 or more patients in various journals. None were 
prospective studies. Proof of diagnostic accuracy (the gold 
Standard) was established by surgery or autopsy in only 7%. 
Forty-eight percent used none of the following terms: sensi- 
tivity, specificity, accuracy, false positive, false negative, or 
predictive value. Twenty-five percent used only one of these 
terms, 12% used two, and 15% used three. None of the 
papers contained evidence of blinding of the readers with 
regard to the diagnosis or the results of other tests. 

It is unlikely that these problems are proportionally more 
common today than they were in the past. Consider that the 
number of papers published in the United States has in- 
creased from 468 in two journals in 1960 to 2861 papers in 
16 journals in 1984 [3]. If the improper conduct present in 
1960 has burgeoned proportionally, the absolute amount of 
such behavior must have increased dramatically. 


Confronting the Problem 


Any conduct that threatens the quality and integrity of 
radiology journals is unacceptable. Poor scholarship and 
shoddy workmanship are to be condemned; outright fraud is 
intolerable. Perfect behavior is an unrealistic goal, but these 
problems are sapping the vitality of the journals, wasting the 
time of their readers, and, most importantly, slowing the 
growth and threatening the integrity of the specialty. 

The problem must be attacked at many levels. Renewed 
emphasis must be placed on quality rather than on quantity. 
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An author with a curriculum vitae that bulges with trivial and 
unoriginal articles must be chastised rather than rewarded, 
criticized rather than congratulated, and looked at with sus- 
picion rather than assumed to be highly productive. Academic 
institutions must continue to deal harshly with authors con- 
victed of fraud. As in the past, this usually means total 
derailment of their careers. 

To increase the quality of published papers, radiology de- 
partment chairmen, medical school deans, and chairmen of 
academic promotions committees must be more suspicious 
of faculty members who publish a large number of papers 
each year. Questions must be raised more often: Are the 
articles substantive? Were the data collected honestly? Was 
the author intimately involved with the work? These authori- 
ties must accelerate their efforts to base academic promo- 
tions on the quality of publications rather than solely on 
quantity. They must let candidates for promotion know that 
eyebrows will be raised if they have too many publications. 
The tenet “publish or perish” must be rewritten “publish 
worthwhile articles or perish.” 

One way to achieve this goal would be to adopt Angell’s 
idea [8] of limiting the number of publications that can be 
considered for academic promotion or grant funding. Under 
her plan, promotion committees and granting agencies would 
appraise only the candidate’s three best publications in any 1 
year, or perhaps the five best publications in any 5 years. 
Other publications would not be listed. 

Department chairmen should supervise the publications of 
their faculty more closely and develop more realistic standards 
of productivity. They should do more to encourage the plan- 
ning and performance of carefully designed prospective stud- 
ies about important issues. They should devise a means to 
identify the type and degree of participation of every author 
listed on papers published by the faculty. 

Young investigators should be given formal instruction in 
using statistics, planning research projects, collecting and 
interpreting data, and preparing manuscripts. Experienced 
people should be made available to serve as consultants, and 
they should be used frequently. When necessary, editorial 
assistants should be employed to help write manuscripts. 

Editors and manuscript reviewers must redouble their ded- 
ication to the elimination of trivial, unsound, and/or unoriginal 
articles from their journals. They should raise their standards 
of scholarship, rejecting more papers that lack originality; that 
are based on improperly designed, retrospective, or poorly 
controlled investigations; that have insufficient numbers of 
cases; or that suffer from slipshod manuscript preparation. 

Editors should agree to establish a policy whereby every 
radiology journal audits a certain percentage of accepted 
papers, selected at random. Like a tax audit, authors would 
be required to submit the raw data (experiment data books, 
Clinical records, and radiographic images) that form the basis 
of their articles, and these would be studied by the editor or 
his surrogate to determine the article’s validity. In addition, 
the editor would have the right to review the raw data of any 
submitted article without the risk of impugning the author's 
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When rejected articles are submitted for publication in a 
second journal, editors should share the comments of the 
initial reviewers (Siegelman SS, personal communication). 
This would require authors to revise their papers according 
to the suggestions of the original reviewers before resubmit- 
ting their papers to another journal, thus preventing the ideas 
in the first review from being wasted. This is not to say that 
the second editorial decision should be biased by the first 
reviews. The second editor should use new reviewers and 
make a separate decision about the suitability of the manu- 
script for publication. 


Conclusion 


Threats to the quality and integrity of radiology journals 
must be kept in proper perspective. The emphasis on decep- 
tion, poor scholarship, and careless workmanship given here 
must not cause anyone to lose sight of the fact that most 
authors are honest, respectful, and sincere in their dealings 
with journals. The majority are dedicated to doing the most 
substantive research they can and to writing the best articles 
possible. Readers can rest assured that when the fourth- 
jubilee anniversary volume of the AJR, volume 200, is pub- 
lished in 2013, it will be even more informative than volume 
150, published this year. 

The situation is no worse in radiology than in any other 
medical specialty, but it is significant enough to lower the 
quality of radiology journals, to slow their growth, and to 
threaten their integrity. The problems will not disappear and 
are likely to get worse unless there is a concerted effort by 
authors, editors, and others to confront them openly. 

Radiologists must insist on high standards. They must be 
absolutely honest in their dealings with the journals and have 
an uncompromising regard for ethical principles. The demand 
for high quality must be unremitting. Then, and only then, will 
the threats to the quality of radiology journals be mitigated. 
Then, and only then, will publications in radiology be all that 
they can and should be. 
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Nuclear Medicine Annual 1987. Edited by Leonard M. Freeman and Heidi S. Weissmann. New York: Raven, 364 


pp., 1987. $80 


Each chapter in this yearly publication is a separate, unrelated 
article pertaining to the general field of nuclear medicine. The authors 
are from departments of nuclear medicine in major teaching hospitals. 

Each article is comprehensive, with thorough coverage of its 
subject and extensive references. New and timely topics are dis- 
cussed in each Annual, and each book also includes an evaluation of 
a much used technique, including paragraphs on the uses of modifi- 
cations of the basic procedure, study of new isotopes being tried or 
others on the horizon, and an objective evaluation of the results. In 
this regard, the 1987 issue has lengthy articles on diuretic renography, 
adrenal scintigraphy, and isotopic evaluation of the lower urinary tract 
in children. 

Other chapters each year discuss the advantages and disadvan- 
tages of a new technique or a new piece of equipment. In this volume, 
single-photon emission CT (SPECT) is evaluated. The authors of this 
chapter discuss the experiences they had after the introduction of a 
SPECT camera in their department. Studies performed on the SPECT 
device are compared with those that involved use of a conventional 
camera. The discussion includes what should be looked for when 
considering the purchase of a SPECT imaging device. 

The lead article in the 1987 volume is a detailed, all-encompassing 
treatise on the problems and changes of aging, especially situations 
in which these changes can be documented by using isotopes. This 
includes coverage of what occurs in numerous body systems as a 
person grows older. 

Some topics could be upgraded almost yearly. Myocardial infarc- 
tion is one of these timely subjects. This year, detection and quanti- 


tation of myocardial infarction are covered completely, including 
modes of diagnosis, discussion of risk of infarction, isotopes used 
now, research on future isotopes, studies performed during the 
treatment phase, modes of treatment, complications, and, finally, 
how to tell when a patient is ready to be discharged. 

The printing, paper, and reproductions are of excellent quality, as 
they have been over the many years that the Annual has been 
published. The publication is small, compact, and easily carried, but 
it has one inherent minor limitation. Complex imaging sequences with 
comparisons are sometimes necessarily placed back to back; con- 
sequently, the reader must turn pages to appreciate the total picture. 

| recommend the 1987 Annual to students who are interested in a 
total evaluation of any one of the topics discussed and to any 
practicing physician, radiology resident, or staff radiologist who wants 
more detailed information about when and why certain tests should 
be ordered, what their limitations are, and what new studies are 
being evaluated. Because no single volume of this series includes all 
topics, | further recommend that previous as well as future volumes 
be read and saved together near the viewbox for ready reference 
when a question about nuclear medicine arises. 


James A. Usselman 
Scripps Clinic 
La Jolla, CA 92037 


Perspective 


Coauthorship in Radiology Journals 


Felix S. Chew' 


Diagnostic radiology journals are publishing an increasing 
number of articles with many authors (Fig. 1). The number of 
authors per article is also increasing, and this increase in 
authors has been far more rapid than the increase in articles 
[1] (Fig. 2). As radiology journals do not limit the number of 
authors per article, the rapid increase in authors reflects the 
individual and aggregate behavior of their contributors. Also, 
since first authorship is limited by the number of articles, it is 
coauthorship that has increased most rapidly. (The “first 
author” of a paper is defined here as the author listed first, 
regardless of the total number of authors; a “coauthor” is any 
subsequently listed author.) Coauthorship complicates the 
proper crediting of work to researchers, creates problems in 
the indexing and retrieval of papers, and may affect the actual 
performance of research. Collaborative research and concom- 
itant multiple authorship have some legitimacy and advantage 
both in allowing the rapid aggregation of data from separate 
sources and in bringing together researchers from different 
disciplines; some studies might not be feasible otherwise. 
However, such strategies appear to refocus research activi- 
ties rather than increase them [1]. Instances of fraudulent 
coauthorship in the recent medical literature, including radiol- 
ogy, have been described [2, 3]. 


Pervasiveness of Coauthorship 


The frequency of coauthorship in radiology journals was 
examined by searching MEDLARS (National Library of Medi- 
cine, Bethesda, MD) for the publications of an arbitrary sample 
. of diagnostic radiology researchers. The sample, consisting 
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Fig. 1.—Stacked column graph shows the increasing numbers and 
proportions of multiauthored articles published in AJR and Radiology (com- 
bined data adapted from [1]). 
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of 136 authors who published in the July 1982 issue of the 
AJR, was intended to be representative of the clinical diag- 
nostic radiology research community. The MEDLARS search 
located the articles of all individuals in the sample that were 
published between 1980 and 1985 in diagnostic radiology 
journals. 

The number of coauthorships accumulated by many was 
impressive, ranging from none to 82 in the 6-year period 
studied (median = 6, mean = 11.9) (Table 1). The total number 
of articles published ranged from 1 to 87 (median = 10, mean 
= 16.4). Such rapid and sustained rates of publication virtually 
ensure that the time spent on each publication by the most 
prolific coauthors is small. Preparation and revision of major 
manuscripts for publication in the sciences require an average 
of about 82 hr of time by the authors, excluding the actual 
research [4]. 

The researchers with the most coauthorships have articles 
with more coauthors. The 5% of researchers with the most 
coauthorships had an average of 6.2 authors per paper in 
1985; 70% of their papers had five or more authors. These 
5% also had a higher proportion of articles with more authors 
as well as more authors per article than the average for all 
articles published the same year in the AJR and Radiology 
[1]. In contrast to this, the 10% of the researchers with medial 
numbers of coauthorships had an average of 3.8 authors per 
article; only 29% of their articles had five or more authors. 

Coauthorship is a simple means of inflating a bibliography 
without necessarily increasing productivity. This does not 
imply that coauthorship is necessarily inappropriate or without 
value; on the contrary, it is now the usual situation in scientific 
publication. For example, in 1985, 95% of the papers pub- 
lished by Radiology and the AJA had coauthors [1]. Nonethe- 
less, to prevent abuses of the system, researchers should 
consider the level of participation that merits coauthorship. 
One view is that all authors, including coauthors, should have 
had sufficient involvement with the work and the article re- 
porting it to be able to defend its method, results, and 
conclusions without reservation [5, 6]. To accept coauthor- 
ship under other circumstances seems at best foolish and at 
worst esurient and dishonest. 

Although multiple authorship appears well entrenched in 
the radiologic literature, only a few highly prolific authors 
account for most of the coauthorships: 15% of researchers 
account for 53% of coauthorships. By their example, these 
few may set de facto standards and goals for the specialty. 
Prolificacy in publication is a common pathway to promotion 
and prominence in the profession. 


Pressure to Publish 


It is self-evident that there must be considerable incentive 
to publish and to publish frequently. Since most articles 
emanate from academic medical centers [1], the pressures 
to publish must originate there. It seems likely that quantitative 
expectations for research productivity in promotion and grant 
proceedings are to blame, at least in part, for the publish-or- 
perish syndrome [2-8]. A specific numeric criterion may ap- 
pear explicitly on documents of appointment. For example, in 
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Fig. 2.—Line graph shows exponential increase in authorships with 
linear increase in published articles in AJR and Radiology (combined data 
adapted from [1]). 


one university department, the goal for each faculty member 
was “to be involved in three publications annually in refereed 
journals,” two of which could be coauthored. Scientists, par- 
ticularly medical scientists with public funding, have a positive 
obligation to publish their work. Some incentive is healthy, 
but even the most reasonable expectations may spawn ex- 
cess. 

The medical literature takes little notice of multiple author- 
ship. Full lists of authors are isolated to title pages, and such 
lists are truncated in the tables of contents and bibliographies 
of journals and by indexing services, sometimes to a single 
author. The identities of coauthors are lost to all but those 
with the actual journal pages. If coauthorship becomes more 
difficult and less acceptable as a means of building a bibliog- 
raphy, a more insidious abuse becomes attractive: wasteful 
publication. 


Wasteful Publication 


Wasteful publication may take two forms [5]. “Divided 
publication” is the publication of a single piece of research in 
installments of “least publishable units” [7]. “Repetitive publi- 
cation” multiplies the publications possible from essentially 
the same content and is accomplished by submission to 
multiple journals or by adding small successive bits of data 
and then republishing. In both abuses, results and conclusions 
are strewn across the literature separated by journal and 
time. This strategy is self-defeating in a situation in which 
everyone wants to publish, but only a few want to read [9]. 
In addition to the obvious problem a reader has in collecting 
all of these together, the resources of scientific publication 
are wasted [5]. Assuming that the research was worthwhile 
to begin with, only the last of any such string of articles (the 
one with all the information) would be necessary to a reader. 
Since only 9% of the papers published in radiology journals 
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TABLE 1: Distribution of the Number of Coauthorships 
Accumulated by 136 Diagnostic Radiology Researchers, 
1980-1985 





Cumulative % 


No. of No. of 
Coauthorships Researchers Of Of 
Researchers Coauthorships 

0 4 2.9 0.0 

1 32 26.5 2.0 

2 14 36.8 3.7 

3 3 39.0 4.2 

4 7 44.1 6.0 

5 rd 49.3 8.1 

6 6 53.7 10.3 

r 1 54.4 10.8 

8 9 61.0 15.2 

9 2 62.5 16.3 
10 2 64.0 17.5 
11 1 64.7 18.2 
12 4 67.6 212 
13 4 70.6 24.4 
14 2 72.1 26.1 
15 2 73.5 27.9 
16 3 75.7 30.9 
17 5 79.4 36.1 
20 2 80.9 38.6 
21 1 81.6 39.9 
22 1 82.4 41.2 
23 1 83.1 42.6 
24 1 83.8 44.1 
26 2 85.3 47.3 
27 1 86.0 49.0 
28 2 87.5 52.4 
29 1 88.2 54.2 
30 3 90.4 59.8 
32 1 91.2 61.7 
33 1 91.9 63.8 
37 2 93.4 68.3 
40 1 94.1 70.8 
44 1 94.9 73.5 
48 1 95.6 76.4 
51 1 96.3 79.6 
58 1 97.1 83.1 
60 1 97.8 86.8 
63 1 98.5 90.7 
69 1 99.3 95.0 
82 1 100.0 100.0 





Note.—A total of 1625 coauthorships were accumulated by 136 
researchers. 


account for 49% of all citations to radiology literature [10], 
there is a considerable level of noise for the amount of 
signal. 

The net advantage of accumulating large numbers of coau- 
thorships is unclear. By distinguishing coauthorships from 
first authorships for individuals in the sample of researchers 
studied, the percentage of all authorships that were coau- 
thorships was found to range from 0 to 100% (median = 
83%, mean = 76%) (Table 2). Fifty researchers (36.8%) had 
only coauthorships, and four (8%) had only first authorships 
(Fig. 3). The average ratio of coauthorships to first authorships 
was 2.7. Bibliographies bloated with coauthored items are 
cumbersome and may discourage detailed analysis of the 
articles, losing those of quality and significance amidst the 
distracters. In a very real and practical sense, coauthorships 
can be both irrelevant and detrimental. 
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TABLE 2: Distribution of the Proportion of Coauthorships 
Relative to All Authorships for 136 Diagnostic Radiology 
Researchers, 1980-1985 





Cumulative % 





% of No. of pe 
Coauthorships Researchers Rosona 

100 50 36.8 
>90 13 46.3 
>80 14 56.6 
>70 13 66.2 
>60 13 Tor 
>50 10 83.1 
>40 6 87.5 
>30 9 94.1 
>20 3 96.3 
>10 1 97.1 
=0 4 100.0 





Note.—Data for 136 researchers have been aggregated into intervals 
of 10%. 
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Fig. 3.—Histogram for 136 researchers of the percentage of first- 
authored articles relative to total papers published in diagnostic radiology 
journals over 6 years (1980-1985). 


Remedies 


Scientists are remembered for their best, most important 
works. A sensible approach to evaluating a researcher's work 
might rely on his defense of a few self-selected, first-authored 
papers [6, 8]. In view of the length of time required to initiate, 
complete, and publish research (as well as the time frame for 
promotions in most academic settings), a limit of three to five 
articles may be appropriate. According to Angell [8], this might 
(1) improve the quality of medical research by allowing more 
ambitious but time-consuming studies, (2) improve the accu- 
racy and precision of the promotion and grant-funding proc- 
esses by allowing fuller evaluation of the quality of a research- 
ers work, and (3) eliminate some of the “fluff” from the 
scientific literature [8]. Discounting bibliographies inflated with 
coauthorships is already universally practiced by appointment 
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and promotion committees (Berk RN, personal communica- 
tion), but explicit notice of such action is often lacking. 

Although journals may impose limitations on coauthorship, 
editors and reviewers may become more alert to attempts at 
divided or repetitive publication, and departments and aca- 
demic institutions may create review mechanisms and estab- 
lish more appropriate expectations, no system that preserves 
the academic freedom necessary to good scientific work can 
always stop a determined, unethical author [11]. The ultimate 
imperative for ethical behavior rests with the individual. To 
preserve academic freedom, the research community must 
be self-policing. The issue is not moot, for the future direction 
of radiology as a discipline depends on sound research and 
scholarship. 
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Perspective 


Fraud in Radiologic Research 


Paul J. Friedman' 


Research fraud is nothing new. Altering data to fit hy- 
potheses has a long, largely unrecognized history. Modern 
analyses have shown that respectable figures from the ar- 
chives of science, such as Galileo, Mendel, and Newton, 
improved their results by various manipulations that do not 
meet contemporary standards of accurate reporting. Whole- 
sale invention of data also has occurred in the remote as well 
as the recent past. Broad and Wade [1] detail these and a 
host of other examples of the failure of science to live up to 
its ideals of truth and objectivity. One’s reaction on reading 
about these major and minor cases of misrepresentation or 
fraud is to think, “It can’t happen here.” But indeed it has 
happened in radiology, just as it has in other biomedical fields. 
The following case report concerns a person who is well 
known in radiology, but | have chosen to call him “Dr. A” in 
order to emphasize the general aspects of the problem rather 
than focus on issues specific to this case. 


Case Report 


Dr. A graduated from medical school in 1974 and came to 
the University of California, San Diego (UCSD), where he was 
a resident in medicine for the next 3 years. From 1977 to 
1979 he was a research fellow in cardiology and nuclear 
medicine. After the first year his primary supervisor went on 
leave, and he pursued his research more or less indepen- 
dently. He then took a 2-year clinical fellowship in cardiology, 
continuing his laboratory and clinical research with only nom- 
inal supervision. Because he was a successful “self-starter,” 
he was allowed to pursue whatever projects interested him. 
He spent the last 6 months as a junior cardiology faculty 
member doing research and teaching in cardiac radiology. In 
1981, Dr. A joined the department of radiology as a junior 
faculty member in the cardiovascular section, whose chief 
also went on leave a year later, leaving Dr. A to teach cardiac 


radiology, supervise fellows in the cardiovascular training 
program, and manage the radiology laboratory. The cardio- 
vascular radiology chief decided not to return, and another 
recent fellow was put in charge of the division while Dr. A 
began his residency in radiology. Dr. A continued to do 
research and publish articles throughout his residency, su- 
pervising fellows and residents in the laboratory and preparing 
research and training grant applications. 

In anticipation of his completing his residency, Dr. A was 
proposed for a regular faculty appointment in Radiology, and 
plans were made for him to become chief of cardiac radiology. 
However, 3 months before the appointment was to take place, 
a senior faculty member in the department of radiology pre- 
pared to write a letter of recommendation for the appointment 
by reading several recent papers. He noticed peculiarities in 
data tables in two publications. Both studies had the same 
mean and standard deviation but had different numbers of 
animals. Neither paper acknowledged that the results had 
been published elsewhere, nor could such duplication have 
occurred with any measurable mathematical probability. The 
chairman of radiology was notified and investigated the matter 
further. When he found other irregularities he alerted the 
Dean's office that there was a question about the validity of 
some of Dr. A’s work. 

Dr A was asked directly if there had been some kind of 
error. Initially he said that he would look over the original data 
and explain. He then reported that he could not locate any of 
the data, resigned his residency position in radiology, with- 
drew the already-approved research and training grants, and 
refused to communicate further with anyone from the Univer- 
sity. A formal investigation was promptly instituted by the 
Dean to determine whether fraudulent research had been 
published. The investigation followed previously established 
guidelines for responding to charges of unethical practice. 
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A multidisciplinary faculty committee including representa- 
tives from both cardiology and radiology reviewed recent 
publications, interviewed several of Dr. A’s research fellows, 
technicians, and colleagues, and reported to the Dean that 
there was clearcut evidence of research fraud in three sub- 
mitted manuscripts, two of which had been published. The 
news media had been informed of the investigation by un- 
known persons, but reporters agreed to wait for the commit- 
tee’s conclusions before announcing the scandal. The com- 
mittee informed the relevant granting agencies when the 
investigation was started, and reported its findings at the 
conclusion. 

Dr. A was offered an opportunity to retract these and any 
other papers that could not, in retrospect, be documented. 
The attorney who represented Dr. A proposed that a state- 
ment be sent to the journals concerning certain of Dr. A’s 
papers. This statement did not acknowledge the existence of 
fictitious data or conclusions, nor would Dr. A (under his 
lawyer's guidance) meet with the faculty committee or admit 
any wrongdoing. The committee found this unacceptable and 
sent a letter of retraction to the journal that had published the 
two fraudulent papers. 

The job was not finished, however. With every one of Dr. 
A’s papers potentially tainted, readers would be unsure of 
which results could be trusted, and coauthors’ bibliographies 
would be ruined. Journals, news reporters, coauthors, and 
committee members all questioned the rest of Dr. A's bibli- 
ography. In response, the Dean formed a new committee to 
deal with this question and to make general recommendations 
on actions that the institution could take to prevent future 
occurrences. 

Fifteen months later, the committee had finished reading all 
147 papers in Dr. A's bibliography, had written twice to all his 
coauthors for additional information, had interviewed several 
key supervisors and coworkers, and had formulated conclu- 
sions about the validity of each paper and the factors contrib- 
uting to Dr. A’s unethical activities. The committee then made 
a series of recommendations on measures that could be 
taken by the institution and its faculty to reduce the likelihood 
of future research fraud. Dr. A’s papers were classified as 
either valid, fraudulent (with documentary or testimonial evi- 
dence that research was not done as reported), or question- 
able (lacking either firm evidence of fraud or informed support 
by the coauthors). Of 147 manuscripts reviewed (1 37 of which 
had been published already), 79 were considered valid, 55 
questionable, and 13 fraudulent. All the journals, granting 
agencies, and coauthors were informed of the conclusions 
about each paper. The press published several rounds of 
articles and comments, including a report in Science, “San 
Diego’s Tough Stand on Research Fraud” [2]. Dr. A, his 
academic career in radiology and cardiology abruptly termi- 
nated, was tracked down by reporters and was asked to 
leave at least one hospital position because of the adverse 
local publicity. 


Comment 


In what way was UCSD “tough”? Instead of presuming that 
these purported works of scholarship were “innocent until 
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proven guilty,” the University took the position that the results 
of scientific investigation must be proved, and sometimes 
proved again, in the face of challenge [3]. The burden is 
always on the investigator, not the challenger, to prove a 
point. Therefore, the coauthors were challenged to present 
proof that work had been done, that data had been collected 
as described, and that statistical analysis had been per- 
formed, with results as reported. Since Dr. A’s contributions 
could no longer be trusted, it was necessary to obtain coau- 
thors’ assurances that they either had possession of original 
data or had personally observed its collection and verified its 
analysis, and had personal knowledge that the published 
report accurately reflected the procedures and results of the 
studies. It seemed a reasonable approach to find at least one 
coauthor for each step in the research-to-publication process 
to vouch for its validity. 

Coauthors who had actually collected data themselves 
(typically research fellows or residents) usually had retained 
possession of it, or could testify to the authenticity of the 
experiments. In one instance, coauthors had assumed that 
all the reported experiments had been performed, but had 
only witnessed half of them. Independent laboratory records 
showed that only half the experiments could have been 
carried out. In other papers, statistical tests were reported 
that no one else had performed or checked, or methods were 
modified to appear more accurate or significant. In recent 
papers, whole series of experiments were reported that had 
not been done and probably would have been technically 
impossible to accomplish with the numbers of animals and 
success rates reported. The coauthors either had not seen 
the manuscripts, had not signed copyright releases, or had 
allowed their names to be used despite minimal participation 
in the study, such as reading the manuscript, discussing the 
research protocol, or doing related experiments for another 
paper. 

“Publish or perish” has long been the maxim governing 
survival in a research university. Clearly, Dr. A was a victim 
of this pressure to publish, but still it is hard to absolve him 
of personal responsibility for his actions. His peers coped with 
this pressure in different ways, although his predecessors in 
cardiology and radiology had set a standard of great produc- 
tivity. Some coauthors had agreed to share responsibility for 
Dr. A’s research publications simply to expand a curriculum 
vitae. Others were unsure of the ethics of receiving credit for 
work that they had not even seen, but lacked the self- 
confidence to raise the issue with senior faculty members. 

The members of the committee were surprised at the extent 
to which Dr. A’s coauthors passively accepted the events 
that followed. Not one wrote to the journals themselves 
asking for a retraction of papers whose validity they now had 
reason to doubt, and none showed any interest in repeating 
experiments or statistical analyses to prove whether the 
original research was valid. Perhaps the level of denial should 
not have been surprising in view of their previous acceptance 
of Dr. A’s work at face value. 

Radiologists seemed ignorant of the fact that Dr. A was 
not held in high esteem by members of the department of 
medicine. Considering itself fortunate to have such a produc- 
tive person eager to contribute to its training and research, 
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the radiology faculty did not look closely at what others 
thought about Dr. A. No one noticed the degree to which his 
research and training had been performed without effective 
supervision. 


Recommendations and Conclusion 
Recommendations to the Faculty 


Several recommendations were made by the committee to 
the school and to the scientific journals that support research 
communication. These ideas were tempered, however, by a 
recognition that research fraud is one of the risks of the 
individualistic research enterprise that has produced so many 
good researchers and results. Placing restrictions on individ- 
ual initiative will do more damage than good. Having unreal- 
istic expectations of journal reviewers will not achieve more 
critical or penetrating reviews. The following are some of the 
final recommendations made by the UCSD faculty committee 
to the faculty. (1) Peer review of faculty should focus on the 
quality, not the quantity, of published work. (2) Work in which 
one does not have a significant role should not be counted. 
Collaboration in research should continue to be encouraged, 
but coauthors should take more responsibility for reviewing 
submitted and final manuscripts. Coauthorship should reflect 
scientific involvement and imply responsibility for the work 
reported. (3) Each department should develop guidelines for 
the supervision of research trainees, including written evalu- 
ation, standards for research laboratory supervision, and a 
policy on publication. The investigator's responsibility for the 
preservation of raw research data should be communicated 
and exemplified. (4) Research supervisors should recognize 
a responsibility to review the experimental procedures, data 
analyses, and manuscripts of those working in their labora- 
tories. (5) New faculty and trainees should be clearly informed 
of the expectations of the laboratory, the department, and 
the university in their performance. Realistic standards of 
research productivity should be encouraged. (6) Faculty and 
trainees should be informed of the policy on unethical research 
practices. It should be considered an academic obligation for 
them to inform responsible superiors if they have reservations 
about the integrity of the work of another. 


Recommendations to Journals 


Professional journals also have a responsibility to take 
actions to minimize fraud. The response of journals to notifi- 
cation that certain of Dr. A’s papers were fraudulent and 
others were suspicious (since no one could vouch for them 
adequately) was mixed. Some published the requested state- 
ments; others, on the advice of their attorneys, avoided 
publishing any statement that might discredit an individual 
scientist for fear of libel. Many did not acknowledge the 
correspondence that had been sent to them. 

The UCSD faculty committee had specific recommenda- 
tions for journal editors: (1) All journals should require the 
signed approval of final manuscripts by all coauthors. (2) Peer 
review of manuscripts submitted to journals should be carried 
out with more care, especially with regard to statistical eval- 
uations. (3) Journals should not be so insistent on publishing 


FRAUD IN RADIOLOGIC RESEARCH 29 


short papers, since this encourages fragmentation and repub- 
lication of data. 


Public Acknowledgment of Fraud 


What is the responsibility of the institution to communicate 
these events and conclusions to the public? No one enjoys 
having one’s mistakes probed by the press. It may be difficult 
to get colleagues to speak frankly if confidentiality is not 
guaranteed. Unproved allegations, if published, could be very 
damaging to a scientist's career, regardless of the outcome. 
Dr. A's loss of a job as a result of investigative reporting was 
a punishment not anticipated by the review committee. There 
are fears that granting agencies will take a negative attitude 
toward the whole institution in response to reported investi- 
gations of fraud. 

These fears and concerns must be balanced by other 
considerations. Supervision of the expenditures of grant funds 
carries with it a responsibility to keep the granting agency 
informed of violations of ethical or scientific standards. The 
public also deserves to know if its trust has been abused. 
Covering up problems and errors eventually will arouse public 
suspicion and affect its support for the entire research com- 
munity. Although many scientists do not acknowledge it, their 
privileged position is part of a contract with society that must 
be maintained with honesty and openness; there must also 
be a willingness to discuss and deal with problems. 

Accordingly, an organization must act with sensitivity and 
courage in responding to charges of research fraud. The 
preliminary investigations should be carried out confidentially 
and carefully to avoid damaging the reputations of innocent 
individuals, but decisions should not be left to the discretion 
of a single individual, especially not to one with a vested 
interest in “keeping the lid on.” It is inappropriate to inform 
public or external agencies of all inquiries into charges of 
unethical research, but when a formal investigation is initiated, 
concerned granting agencies and journals should be notified. 
The National Institutes of Health require notification even prior 
to the decision to undertake an investigation in cases with 
allegations of very serious misconduct, including criminal vi- 
Olations, or of significant health hazards. 

The press may learn about such an investigation through 
informants or by reading National Institutes of Health docu- 
ments under the Freedom of Information Act. In any case, 
however, the press should be officially informed by the insti- 
tution at the end of the process if any fraudulent activity has 
been discovered. If the press solicits information during an 
investigation, a promise of frank disclosure at the conclusion 
should ward off premature negative publicity and allow for a 
balanced and well-prepared presentation of facts and rec- 
ommendations. Even if an individual has made serious mis- 
takes in behavior, an institution—be it a school or a profes- 
sion—can salvage its integrity by dealing with the problem in 
a serious and thorough manner and by respecting the public’s 
right to know the facts. 


Conclusion 


It is an unfortunate part of a competitive system that some 
individuals or groups will not abide by the rules that govern 
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American Roentgen Ray Society 
Residents’ Award Papers, 1988 


The ARRS announces competition for the 1988 President's Award and two Executive Council Awards for the best papers concerning 
the clinical application of the radiologic sciences. 


Awards 


The winner of the President's Award will receive a certificate and a $1000 prize. The winners of the two Executive Council Awards will 
each be given a certificate and a prize of $500. The winners will be announced on March 15, 1988. Winning papers will be presented at the 
ARRS annual meeting at the San Francisco Hilton Hotel, San Francisco, CA, May 7-12, 1988. Winning papers will be submitted for early 
publication in the American Journal of Roentgenology. All other papers will be returned to the authors. 


Regulations 


Eligibility is limited to residents or fellows in radiology who have not yet completed 4 years of approved training in a radiologic discipline. 
A letter from the resident's department chairman attesting to this status must accompany the manuscript. The resident must be the sole 
or senior author and he responsible for all or most of the project. 
Submitted manuscripts must not exceed 5000 words and have no more than 10 illustrations. Four copies of the manuscript and 
illustrations are required. 
Deadline for submissions is January 29, 1988. Send papers to: 
B. G. Brogdon, M.D. 
Chairman, Committee on Education & Research 
American Roentgen Ray Society 
Department of Radiology 
University of South Alabama Medical Center 
2451 Fillingim Street 
Mobile, AL 36617 
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How Research Becomes 
Knowledge in Radiology: An 
Analysis of Citations to Published Papers 





The process by which research becomes generally disseminated knowledge in 
radiology was studied by an analysis of reference citations. A citation is the event that 
occurs when one paper is listed as a reference by another paper. Analysis of the 
citations received by 30 diagnostic radiology journals in 1985 showed that five journals 
received 73% of the citations. Approximately half of the citations were made to papers 
over 5 years old. Analysis of the citations received by the 1977 issues of eight journals 
over a 9-year period showed a rapid rise in the number of citations received, a peak in 
the third year after publication, and a slow, exponential decline. Analysis of citations to 
a group of individual papers showed that 10% of the papers received nearly 50% of the 
citations. 

This information suggests that citations to the radiology literature are concentrated 
among a handful of papers in a few journals. The citation activities of individual journals 
reflect in part their editorial policies. Parameters of citation activity may be relevant to 
selecting journals for subscription, reading, or publication. The radiology literature has 
lasting relevance and receives citations for many years. Advancement of the science of 
radiology follows the lead of a very few works; the most frequently cited papers concern 
practical techniques and procedures. 


Scientific papers published in peer-reviewed radiology journals are recorcs of 
research. Some information from this research is incorporated into radiology’s 
common body of knowledge; other information is lost, shown to be invalid, or 
becomes obsolete. As new papers are published, old ones tend to lose their 
currency and disappear beneath the constant stream of new information. By 
analyzing the citations to papers published in radiology journals, we seek to 
describe the way in which this occurs. Our particular focus will be on the literature’s 
longevity and the proportion of useful papers. 


Materials and Methods 


Papers published in radiology journals as well as the radiology journals themselves were 
Studied by an analysis of reference citations. A citation is the event that occurs when one 
paper (the cited paper) is listed as a reference by another paper (the citing paper) [1]. If all 
citations to all papers published in a particular journal are aggregated, then the citation activity 
of the journal itself can be studied. The annual Journal Citation Reports (JCR) volumes of the 
Science Citation Index (SCI) [2-11] list data of this kind. One can look up a specific paper 
and find out which papers have cited it in the period of time covered by the particular index 
volume; one can also look up a specific journal and find out which journals have cited it and 
the number of times they did so. For this study, we analyzed three sets of citation data: 
contemporaneous citations made in 1985 to a large group of diagnostic radiology journals 
(with a detailed examination of a smaller group of core journals), citations made to the 1977 
issues of a small group of core journals over a 9-year period, and citations made to a sample 
of individual papers. 
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Contemporaneous Citations to Journals 


Citation data concerning all 30 journals of diagnostic radiology 
indexed by the SC/ were obtained from the 1986 JCR volume [2]. 
There are many more extant diagnostic radiology periodicals, but 
these evidently received too few citations for SC/ coverage. No 
attempt was made to examine journals that published a few radiology 
papers but whose editorial emphasis was elsewhere. The data stud- 
ied included the total number of citations received in 1985 by all 
issues of the journals, the number of citable source items published 
in 1984, the impact factor, and the cited half-life. 

Source items are usually papers. However, depending on the 
discretion of the indexer, editorials and signed letters may sometimes 
be counted, especially if they include references. Abstracts of papers 
published in other journals, society announcements, meeting pro- 
grams and abstracts, book reviews, and the like would not usually 
be considered as source items. 

The impact factor is a ratio between the number of citations a 
journal receives and the number of source items it publishes. A 
journal's impact factor for 1985 is the number of citations received in 
1985 to items published in 1983 and 1984, divided by the total 
number of source items published by that journal in 1983 and 1984. 
A difference in citation rates between two journals may simply reflect 
a difference in the number of source items published. The impact 
factor is a method of correcting for the size of a journal, allowing 
comparison of large and small journals [12]. A high impact factor 
indicates that the journal contains source items of immediate and 
relatively high utility to subsequent publications. A low impact factor 
will result if the source items are cited infrequently during the 2 years 
after publication, regardless of how frequently they may be cited 
subsequently. 

The term “cited half-life” refers to the amount of time that passes 
between the publication of the cited paper and the publication of the 
citing papers. The cited half-life of a journal, then, is the number of 
journal publication years (going back from the current year) that 
account for 50% of the total citations received by the cited journal in 
the current year [12], or more simply, the median age of the cited 
papers. For example, if the cited half-life for a journal in 1985 were 
5.0 years, then half of the citations received by that journal in 1985 
would have been made to issues published in 1980 or later, and half 
would have been made to issues published before 1980. A journal 
with a long cited half-life receives many citations to papers in older 
issues. 

A small group of eight core journals was studied in greater detail: 
Radiology, the American Journal of Roentgenology (AJR), Journal of 
Nuclear Medicine, British Journal of Radiology, Investigative Radiol- 
ogy, Clinical Radiology, Neuroradiology, and ROFO: Fortschritte auf 
dem Gebiete der Rontgenstrahlen und der Nuklearmedizin. These 
journals were among those that had been identified as dominating 
the citation activity of the entire radiology literature [13]. For these 
journals, the number of citations received in 1985 to all current and 
previous issues was tabulated by the year of the journal issue cited 
in order to profile the age of currently cited papers. 


Citations to Journals Over Time 


Citation data from 1977 to 1985 for the eight core journals previ- 
ously listed were available (no citation data were available for any 
journal for the year 1976 [11]). The numbers of citations made to the 
1977 issues of each of these journals in each of the years from 1977 
to 1985 were obtained from the appropriate JCR volumes [2-10]. 


Citations to Individual Papers 


An arbitrary sample of papers was assembled by using all 119 of 
the scientific papers published in the January, February, and March 
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1980 issues of the AJR, a major journal of clinical diagnostic radiology. 
The computerized data base of the SC/, SCISEARCH (Institute for 
Scientific Information, Philadelphia, PA), was searched by remote 
computer terminal for the total number of citations received by each 
of these papers in the period from January 1981 to February 1986. 


Results 
Contemporaneous Citations to Journals 


In aggregate, the 30 diagnostic radiology journals indexed 
by the SC/ received 64,420 citations in 1985 and published 
4129 source items in 1984 (Table 1). Citation activity was 
concentrated among a few journals. The five journals that 
received the most citations accounted for 73% of all citations 
and 44% of the source items. For individual journals, the 
number of citations received in 1985 ranged from 20,212 to 
24, with a mean of 2147 and a median of 686; the number of 
source items published in 1984 ranged from 647 to 24, with 
a mean of 138 and a median of 96. 

The impact factors ranged from 4.3 to 0.3, with a mean of 
1.2 and a median of 1.1 (Table 1). 

The cited half-lives ranged from 8.5 to 1.8 years, with a 
mean of 5.1 years and a median of 5.2 years (Table 1). 
Approximately half the citations received were made to pa- 
pers that were over 5 years old. 

The number of citations received by the core journals as a 
group in 1985 was spread widely over many previous years’ 
issues (Table 2), with a peak centered over the 1983 issues 
(Fig. 1). Citations received in 1985 to journals 10 or more 
years old made up 26.2% of the total citations. Combined 
data are presented in Table 2, but in the distribution of current 
citations over previous issues, there was very little variation 
among the individual journals. 


Citations to Journals Over Time 


Citations to the 1977 issues of the core journals rose rapidly 
with time, peaked in the second and third years after publi- 
cation, and then gradually declined (Fig. 2). Table 3 presents 
combined data, but there was little variation in this pattern 
among the individual journals. The decline with time (4 or 
more years after publication) in the number of citations re- 
ceived fitted an exponential function (r = .99): 


y = 1.35 x 1070% 


where y is the number of citations received in 1 year (nor- 
malized to the maximum ever received in a single year), and 
x is the number of years after publication. 


Citations to Individual Papers 


Citation activity for individual papers was concentrated 
among a small percentage of papers. In the period studied 
from 1981 to 1986, the 119 papers in the sample received a 
total of 1208 citations. The mean number of citations received 
was 10.2, with a median of 5 (Table 4). The 12 papers cited 
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TABLE 1: Citation Activity for 30 Diagnostic Radiology Journals* 
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Citations Received 





Journal Title in 1985 (%)° 

Radiology 20,212 (31.4) 
AJR 13,229 (20.5) 
J Nucl Med 6,781 (10.5) 
Br J Radiol 3,721 (5.8) 
J Comput Assist Tomogr 3,292 (5.1) 
ROFO 1,627 (2.5) 
Invest Radiol 1,592 (2.5) 
AJNR 1,547 (2.4) 
Neuroradiology 1,511 (2.3) 
Clin Radiol 1,481 (2.3) 
JCU 1.215 (1.9) 
Acta Radiol Diagn 1,078 (1.7) 
Radiol Clin North Am 992 (1.5) 
Semin Nucl Med 926 (1.4) 
Clin Nucl Med for (t1 
J Ultrasound Med 666 (1.0) 
Gastrointest Radiol 612 (1.0) 
Pediatr Radiol 523 (0.8) 
Semin Roentgenol 447 (0.7) 
Radiologe 411 (0.6) 
Skeletal Radiol 370 (0.6) 
J Can Assoc Radiol 340 (0.5) 
Urol Radiol 313 (0.5) 
Diagn Imag Clin Med 216 (0.3) 
Eur J Radiol 198 (0.3) 
CT J Comput Tomogr 159 (0.2) 
J Nucl Med Allied Sci 101 (0.2) 
Comput Radiol 65 (0.1) 
CRC Crit Rev Diagn Imag 64 (0.1) 
Med Ultrasound 24 (0.0) 

Totals‘ 64,420 (100.0) 

Mean 2,147 (3.3) 

Median 686 (1.1) 





Source Items Impact Cited 
in 1984 (%)° Factor’ Half-Life® 
647 (15.7) 3.7 5.6 
499 (12.1) 2.8 5.7 
193 (4.7) 4.3 5.4 
205 (5.0) 1.2 8.5 
267 (6.5) 1.8 4.1 
313 (7.6) 0.8 4.6 
158 (3.8) 12 6.0 
163 (3.9) 2.0 2.7 
94 (2.3) 1.3 6.3 
102 (2.5) 12 6.7 
122 (3.0) 1.2 48 
92 (2.3) 0.9 6.9 
59 (1.4) 1.8 5.8 
40 (1.0) 1.5 5.7 
211 (5.1) 0.5 4.3 
121 (2.9) 1.9 1.8 
74 (1.8) 0.8 5.3 
106 (2.6) 0.9 4.5 
31 (0.8) 1.0 6.9 
98 (2.4) 0.5 5.0 
42 (1.0) 0.4 45 
107 (2.6) 0.3 6.4 
38 (0.9) ee 3.6 
53 (1.3) 0.9 
78 (1.9) 1.1 3.5 
56 (1.4) 0.5 3.8 
43 (1.0) 0.4 43 
59 (1.4) 0.3 
24 (0.6) 0.3 
34 (0.8) 0.3 
4,129 (100.0) 
138 (3.3) 12 5.1 
96 (2.3) 1i 5.2 





* Adapted from Garfield [2]. Listed in order of decreasing total number of citations received in 1985. 


Total citations received during 1985 to all years of journal. 


° Source items include papers and sometimes other citable material, such as letters, editorials, or commentaries. 

Impact factor is a ratio of citations received to source items published: citations received in 1985 to items published in 1983 and 1984, divided by the total 
source items in 1983 and 1984. The impact factor provides a method of correcting for the size of a journal, allowing comparison of large and small journals. 

° The number of journal publication years going back from the current year that account for 50% of the total citations received by the cited journal in the current 


year. Cited half-life reflects the age of the cited journal issues. 
‘Percentages do not add up to precisely 100% because of rounding. 


TABLE 2: Citations Received by Core Radiology Journals’ in 
1985: Distribution by Year of the Cited Journals 








Year of Citations Received in 1985 
voumals Number Percent” 
1985 787 1.6 
1984 4,676 93 
1983 6,251 12.5 
1982 5,335 10.6 
1981 4,485 89 
1980 4 306 86 
1979 3,508 7.0 
1977 2,567 5.1 
1976 2,025 4.0 
Earlier 13,123 26.2 

Totals 50,154 100.0 





* Combined data for the following journals: Radiology, AJR, J Nucl Med, Br 
J Radiol, Invest Radiol, Clin Radiol, Neuroradiology, and ROFO. 


most frequently (10% of the 119 papers) received a total of 
599 citations (49.6% of all citations); the 62 papers least 
frequently cited (52% of the 119 papers) received a total of 
129 citations (10.7% of all citations) (Fig. 3). 


Discussion 


A literature survey is an integral part of the preparation of 
a scientific manuscript, but authors generally do not attempt 
to include an exhaustive bibliography. In many circumstances, 
the literature is too voluminous for full utilization, so autnors 
select a few key references sufficient to document state- 
ments, provide context, and guide further reading. A particular 
author's choice of which specific papers to cite may have less 
to do with the intrinsic quality of the cited paper than with 
other factors, such as familiarity and propinquity [1]. For 
example, authors would be less likely to cite papers that are 
difficult to find or that are published in foreign languages. 
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Citations Received 


(Percent of Total) 





1985 1984 1983 1982 1981 1980 1979 1978 1977 1976 Earlier 


Year of Journal Cited 

Fig. 1.—Citations received in 1985 by core diagnostic radiology journals 
(Radiology, AJR, J Nucl Med, Br J Radiol, Invest Radiol, Clin Radiol, Neuro- 
radiology, ROFO). Graph shows distribution of citations with respect to the 
year of the journal issues cited. 
5000 
4000 
3000 


2000 


1000 


Number of Citations 


A 

Se 2 oe ss 

saa we be 

diate: F 
is. see 
3 erate 3 a 


i E EE 
1977 1978 1980 1981 1982 1983 1984 1985 
Year Citations Were Received 





Fig. 2.—Citations received by the 1977 issues of eight diagnostic 
radiology journals (Radiology, AJR, J Nuci Med, Br J Radiol, Invest Radiol, 
Clin Radiol, Neuroradiology, ROFO). Graph shows number of citations 
received each year from 1977 to 1985. Decrease in citations from 1980 to 
1985 is exponential. 


Contemporaneous Citations to Journals 


Medical journals have many functions. In addition to provid- 
ing readers with current awareness of new developments in 
research, journals also perform educational and archival func- 
tions and, through peer review, a quality-control function as 
well. Because original publication in peer-reviewed journals is 
integral to professional advancement and recognition in aca- 
demic settings, journals also serve as public logbooks of 
authors’ achievements. These functions are often at cross- 
purposes; for example, a preliminary report of a new research 
protocol may be important for current awareness but unsuit- 
able for archiving. The final report of a large series of cases 
may be important to archive, but if preliminary results have 
already been published, it may be unsuitable for providing 
current awareness. Thus differences in the citation activities 
of various journals may reflect in part an editorial emphasis 
on different journal functions. 

The concentration of citations among only a few of the 
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TABLE 3: Citations Received Each Year by the 1977 Issues of 
Core Radiology Journals’ from 1977 to 1985 





Year 


; Years Number of 
are After Citations Received 
Raavo Publication for Year 

1977 0 516 
1978 1 3051 
1979 2 4145 
1980 3 4291 
1981 4 3774 
1982 9 3410 
1983 6 3052 
1984 7 2675 
1985 8 2567 





a Combined data for the following journals: Radiology, AJR, J Nucl Med, Br 
J Radiol, Invest Radiol, Clin Radiol, Neuroradiology, and ROFO. 


TABLE 4: Citations Received Between January 1981 and 
February 1986 by a Sample of 119 Papers Published in AJR°® 





Cumulative % 


iaca No. of T 
Citations raper R Of Of 
(%) Papers Citations 

110 1 (0.8) 0.8 9.1 
74 2 (1.7) 2.5 21.4 
57 1 (0.8) 3.4 26.1 
48 2 {is7) 5.0 34.0 
41 1 (0.8) 5.8 37.4 
35 1 (0.8) 6.7 40.3 
34 2 (1.7) 8.4 45.9 
25 1 (0.8) 9.2 48.0 
19 3 (2.5) 11.8 52.7 
18 1 (0.8) 12.6 54.2 
17 3 (2.5) 15.1 58.4 
16 2 (1.7) 16.8 61.1 
15 3 (2.5) 19.3 64.8 
13 2 (0) 21.0 67.0 
12 3 (2.5) 23.5 69.9 
11 5 (4.2) 27.7 74.5 
10 2 (1.7) 29.4 76.2 
9 3 (2.5) 31.9 78.4 

8 4 (3.4) 35.3 81.0 

7 10 (8.4) 43.7 86.8 

6 5 (4.2) 47.9 89.3 

5 8 (6.7) 54.6 92.6 

4 4 (3.4) 58.0 94.0 

3 14 (11.8) 69.7 97.4 

2 8 (6.7) 76.5 98.8 

1 15 (12.6) 89.1 100.0 

0 13 (10.9) 100.0 100.0 





a Papers were published in the January, February, and March 1980 issues 
of AJR. 
> Percentages do not add up to precisely 100% because of rounding. 


journals has been observed previously [13] and is a well- 
established bibliometric principle [1, 14]. Some journals, in- 
cluding AJR, impose a limit on the number of references 
allowed. Because diagnostic radiology journals tend to cite 
themselves more often than they cite each other [13], such 
limitations applied systematically may affect citation activity, 
generally tending to decrease citations [15]. 


AJR:150, January 1988 


Frequency (%) 
= 


on 





0 10 20 30 40 50 60 70 80 110 
Number of Citations 


Fig. 3.—Citations received between January 1981 and February 1986 
by a sample of 119 papers published in AJR in the first quarter of 1980. 
Vertical axis shows the percentage of the 119 papers that received the 
number of citations indicated along horizontal axis. There is a sharply 
peaked distribution that is skewed to the right. 


The impact factor is calculated from the number of citations 
received by papers in a journal in the 2 years after publication 
divided by the number of source items published during the 
same period. A low impact factor may reflect little emphasis 
on current awareness, publication of many educational papers 
that might not be cited immediately or often, a research field 
with relatively low activity, or simply obscurity. One journal 
that, to a certain extent, combines all of these elements is 
CRC Critical Reviews in Diagnostic Imaging. With an impact 
factor of 0.3 and a small circulation, this journal publishes 
detailed, scholarly critiques of a few highly select items from 
the published literature, months to years after the subject 
paper was originally published. Another example is Skeletal 
Radiology, with a impact factor of 0.4. In addition to publishing 
major papers in a mature research area, Skeletal Radiology 
publishes many educational “test” cases for the readership to 
exercise its diagnostic acumen; these are actually case re- 
ports that are unlikely to be cited immediately or often. A high 
impact factor often indicates that the journal emphasizes 
current awareness in an active research field or that it is 
preeminent in its field. Examples of this type of journal are 
the Journal of Nuclear Medicine and Radiology, which have 
factors of 4.3 and 3.7, respectively. 

New journals will have a short cited half-life. The Journal of 
Ultrasound in Medicine, for example, with a cited half-life of 
only 1.8 years, was first published in 1982, and the American 
Journal of Neuroradiology, with a cited half-life of 2.7 years, 
was first published in 1980. A short cited half-life may also 
reflect an editorial policy that emphasizes current awareness. 
Journals that cater to a rapidly moving research field should 
also have short cited half-lives, but such journals also tend to 
be relatively new. A long cited half-life may reflect either 
emphasis on archival literature or a slowly evolving, mature 
research field. Very long publication lags in the journals that 
publish the citing papers will also lengthen the cited half-life. 
The British Journal of Radiology, with the longest cited half- 
life among the journals studied (8.5 years), is cited by itself 
more frequently than by any other journal [13], but its lag 
time between submission and publication is not unusually 
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long. However, it appears to favor archival literature and also 
publishes a relatively high proportion of papers in the slowly 
evolving, mature research fields of radiation hazards and 
protection, radiotherapy, radiobiology, and physics as applied 
to radiology. This content is unique among Clinical diagnostic 
radiology journals and may account for the long cited half-ife. 

Because of the American origin of the SC/ and the domi- 
nance of English-language publications in science and medi- 
cine, there is a tendency to underestimate the citation activity 
of journals that publish in other languages. This is likely the 
case with ROFO, which publishes mostly in German and 
which may have many of its non-English-language citations 
uncounted. 

A library with limited resources may consider citation activ- 
ity, among other factors, a relevant criterion in selecting 
journals for subscription [12, 14]. 


Citations to Journals Over Time 


The distribution (among previous years of issue) of citation 
counts received by journals in 1985 (Fig. 1) and those received 
over time by journals published in 1977 (Fig. 2) both indicate 
that the older literature continues to be cited for many years, 
albeit in ever-declining numbers. Extrapolation of the decline 
in citations received by journals published in 1977 suggests 
that if 100 citations are received during the third year after 
publication, then 28 citations should be received during the 
15th year after publication, and 10 citations should be re- 
ceived during the 25th year after publication. Clearly, some 
papers in the radiology literature have lasting relevance. 


Citations to Individual Papers 


The key feature of the distribution of citations among the 
sample of 119 individual papers is that 10% of the papers 
accounted for 50% of the citations. If this distribution of 
citations among individual papers is generalized to the five 
radiology journals that were cited most frequently (Table 1), 
it can be estimated that 2.2% of the papers account for 25% 
of the citations to all 30 diagnostic radiology journals indexed 
by the SC/, and 9.2% of the papers account for 49% of the 
citations. These distributions suggest that a few papers in a 
few journals dominate citations in the entire field. As a corol- 
lary, most papers are cited infrequently or not at all. Research 
in radiology follows the lead of a very few works. 

The quality of a scientific paper depends on intrinsic fea- 
tures such as the originality and clarity of its hypothesis, the 
elegance and appropriateness of its methods, and the erudi- 
tion and creativity of its discussion. The importance and 
usefulness of a paper is extrinsic and depends on its context: 
the relationship of the research to past and future work. 
Context may be defined by citations. Citations made by the 
paper identify relevant previous work and knowledge; cita- 
tions to the paper identify the trail of subsequent research. 
The time required to initiate, complete, and publish research 
results in a lag between publication and citation. As the 
research front moves forward and away, the citations gener- 
ally decline. Work that is obscure or inapplicable to further 
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research, even though valid, may receive no citations. Work 
that is flawed usually will not be cited. A well-known work 
that has become commonly accepted knowledge may be 
cited frequently, but as the knowledge is taught and retaught, 
occasionally the primary source may become obliterated and 
as a consequence receive no further citations [16]. Some 
papers may receive many citations regularly for many years, 
but this is exceptional [17]. 

It is a general observation in science that papers describing 
techniques, so-called “blue-collar” science, are usually cited 
more often than papers proposing theories or reporting ex- 
periments [18]. This study supports that observation; the 
most frequently cited papers all concerned description, appli- 
cation, comparison, or validation of imaging techniques or 
interventional procedures. 

Citation counts have been suggested (and used) as meas- 
ures of scientific productivity for individual researchers. This 
represents an extension of the use of journals as public 
logbooks of authors’ achievements. Some controversies con- 
cerning this practice have been reviewed [1, 15]. In such an 
application, rather than dealing with hundreds of citations 
distributed among dozens of papers, one is likely to be 
counting a few citations to a few papers. Generalizations that 
are valid with large samples may not be valid in individual 
cases. Citations measure in a general way the usefulness of 
published papers to subsequent papers [1]. 

Selecting references for a paper is a prerogative of authors; 
the precise reasons why authors cite particular papers in 
specific instances are unclear. Proposed reasons for making 
specific citations range from the serious to the frivolous; they 
include identifying methods or equipment, providing back- 
ground reading, giving credit for related work, paying homage 
to pioneers, and deliberately attempting to manipulate citation 
frequencies [15]. According to Garfield [1], concerted, delib- 
erate attempts to manipulate citation frequency are rare and 
should be patently obvious. Self-citation (an author citing his 
own work) and citation of the work of coauthors is relatively 
common, but often it reflects continuing work in a specific 
area of interest or a narrow field of expertise. High rates of 
citation may indicate a useful or provocative paper in a field 
of wide interest; low rates of citation may simply indicate a 
narrow field and cannot be construed as prima facie evidence 
of a poor-quality paper. The gross numbers of citations may 
be affected by the time course of sampling the citations, the 
journal of publication of both cited and citing papers, and the 
type of paper (description of technique, case report, and so 
on). It must also be realized that citation rates are different 
for different fields of research and that citations are not 
necessarily specific indicators of validity or accuracy. 


Discriminating Among Journals 


Readers of radiology literature are faced with an exponen- 
tially increasing volume of material [13]. For example, Radiol- 
ogy and the AJR together published 392 papers in 1955 and 
1148 papers in 1985, but the number of diagnostic radiology 
journals extant increased fourfold in the same period [13]. To 
keep up, readers must be more and more selective in their 


AJR:150, January 1988 


reading. If a reader is able to select the few papers in the 
literature that will receive the bulk of the citations and is 
content with reading the least amount of literature, that reader 
would need to read fewer than 85 papers per year (those 85 
will account for 25% of citations received). The difficulty, of 
course, occurs in selecting which papers to read (the 85 
papers, in this example, would be 2.2% of the literature). One 
selection criterion might be by journal: the journals that receive 
the most citations and that have the highest impact factors 
are most likely to publish papers that will be frequently cited. 

Contributors to the literature are faced with an exponentially 
increasing number of diagnostic radiology journals as poten- 
tial outlets for their work [13]. Most strive to publish in journals 
that will reach a specific audience and give their work the 
greatest visibility. We would suggest that the number of 
citations received by a journal, its impact factor, and its cited 
half-life are useful factors to consider when choosing a journal 
in which to publish. 


Obsolescence Anxiety 


The scientific process is orderly but time-consuming. The 
amount of time that passes between the inception of the 
research and publication of the paper describing its results 
and conclusions raises the possibility of obsolescence before 
publication. In a rapidly evolving field like diagnostic radiology, 
in which simultaneous discovery is commonplace because of 
the uniformity of research materials and methods, this possi- 
bility assumes considerable significance. Some journals have 
responded by attempting to decrease the interval of time 
between submission and publication of a manuscript [19- 
20]. 

One unfortunate consequence of obsolescence anxiety is 
the publication of tenuous preliminary or premature findings. 
In the context of rapid dissemination of current research 
information, presentation of work in progress at scientific 
meetings has become increasingly popular. Many such pres- 
entations never reach peer-reviewed publication [15]. In se- 
lecting items for perusal, readers should be more concerned 
with factors such as the pertinence of the paper to current 
needs and the intrinsic quality of the work, rather than with 
mere currency of publication [15]. Rushing research or ending 
it prematurely is no shortcut in the scientific process. The 
duration of the actual research is brief compared with the 
time required for publication, and a well-crafted paper has 
considerable longevity. 
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Introductory Physics of Nuclear Medicine, 3rd ed. By Ramesh Chandra. Philadelphia: Lea & Febiger, 233 pp., 


1987. $18.50 


This book is designed to be used by residents and technicians in 
nuclear medicine. This edition has been expanded from previous 
versions to include information on emission tomography; at the same 
time, the earlier material on rectilinear scanners has been reduced. It 
appears that the author's main goal is to provide a terse text for the 
teaching of physics as related to nuclear medicine. The book is 
compact, and it does cover the major topics of importance to current 
practice. However, | was not altogether satisfied with the amount of 
detail on some topics, and | question if the text is adequate for a 
modern course in the physics of nuclear medicine. 

The material is organized into 16 chapters, three appendixes, and 
a special section on suggested reading for more information. This 
last section is particularly important because of the lack of detail in 
several sections of this book. In fact, it might have been better if the 
author had expanded the reference section to ensure that the reader 
is directed to an adequate range of reference material. 

The first chapter is a review of basic principles of atomic physics. 
Chapter 2 continues the review into nuclear physics and the areas of 
nuclear structure and decay processes. Chapter 3 introduces the 
various decay laws and the concepts of half-life and the statistics of 
nuclear decay. Chapter 4 discusses the production of radionuclides, 
including nuclear reactions and generator systems. Radiopharmaceu- 
ticals are discussed in chapter 5, with good coverage of many of the 
products used in clinical nuclear medicine. Chapter 6 covers the 
interaction of radiation with matter and includes discussions of basic 
interactions, range, stopping power, linear transfer of energy, and the 
normal interactions of photons with matter. Chapter 7 presents 
radiation dosimetry with more detail than normally is seen in intro- 
ductory texts. Detection of radiation is covered in chapter 8, with 
discussions on gas-filled, scintillation, and semiconductor detectors. 
Chapter 10 is the first of two chapters dealing with imaging systems 
and simple probe units. This chapter also includes information on 
bone-density scanners, a topic not found in many such books. The 


second chapter on imaging systems, chapter 11, focuses on area 
detectors (e.g., scintillation cameras) and on interfacing such systems 
with computers. Chapter 12 covers quality assurance and basic 
system testing. Chapter 13 is devoted to the topic of contrast 
detection in the final image. Emission tomography is covered in 
chapter 14, and biological effects of radiation are discussed in chapter 
15. Finally, chapter 16 covers radiation safety. The appendixes in- 
clude material on characteristics of some common radionuclides, 
tables of CGS (centimeter-gram-second) and SI (International System) 
units, and exponential tables. 

Overall, the range and organization of the material is well thought 
out. The number of figures is the minimum needed, and the figures 
are simple and of high quality. Some of the material is covered in 
detail with supporting examples, such as the information on half-life 
and common radiopharmaceuticals. However, most of the material is 
presented rather superficially and without much detail. This is ac- 
ceptable for a text for an introductory course, but even for that 
purpose important points are not covered. To be more specific, the 
discussions on Compton scattering do not include the scattering 
equations nor do they provide good examples of the distribution of 
scattered events from the patient and the impact on imaging. The 
new material on emission tomography is simplistic and does not 
provide adequate preparation for understanding the options and 
problems encountered in the use of emission tomography. This lack 
of detail is, in my opinion, a major drawback to this book. As part of 
a course on the physics of nuclear medicine, this text would be useful, 
and it does have the advantage of being compact and relatively 
inexpensive. However, it is not adequate by itself, and supplementary 
material would be needed. 


Thomas K. Lewellen 
University Hospital, University of Washington 
Seattle, WA 98195 
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Future Advances and Directions in Imaging Research 


Walter L. Robb’ 


The theme of this paper is not taken from a researcher or 
a radiologist, but from an individual who unintentionally turned 
out to be a good prophet of technology: the poet T. S. Eliot. 
In his poem “The Rock,” he asked, “how is our wisdom lost 
in knowledge ... How is our knowledge lost in information?” 
A later commentator, the information scientist John R. Pierce, 
added, “How is our information lost in data?” [1]. Today 
technology is offering us new and exciting ways to invert that 
process and more effectively extract information from data, 
knowledge from information, and, perhaps, wisdom from 
knowledge. 

Physical methods of sensing continue to advance and offer 
major challenges. For example, in CT technology we still face 
the photon limitations of the Coolidge tube and the need for 
a monochromatic source of X-rays. Synchrotron radiation 
offers a possible solution, but this introduces a new set of 
challenges: finding a way to reduce an electron accelerator 
to perhaps 1 ft (30 cm) in diameter while increasing the energy 
so that a useful percentage of the photons are in the diag- 
nostic imaging range. There are many more such challenges. 
In this paper, however, | will focus not on generating data, 
but on using it: turning it into information, and turning the 
information into knowledge. 

Advances in electronic hardware and software are making 
it possible to turn data into information. The electronics rev- 
olution steadily increases the density of integrated circuits 
and decreases their cost. New software helps make possible 
integrated circuits that are custom-designed for specific 
tasks. The merging of improvements in software and hard- 
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ware is generating changes that may lead to improvements 
in medical imaging. | will concentrate on three opportunities. 


Digital Signal Processing 


Digital signal processing and transmission are widely used 
in aerospace systems. Digital TV is just a matter of time. 
Those well-funded applications outside of medicine will make 
it possible to apply the new technology in radiology. 

The information content of a complex CT slice is 3 million 
bits. That of a chest radiograph is more than 24 million bits 
per image, or, after compression to remove redundant infor- 
mation, 10 million bits per image. Increasing the capacity of 
information channels on a telephone line and moving these 
millions of bits rapidly cause the cost to rise sharply. 

Display is also an issue. Viewing a TV monitor, even a 512- 
line, high-resolution monitor, does not provide as wide a 
dynamic range as viewing an X-ray shadowgraph. New flat- 
panel displays, now under development for aerospace appli- 
cations, may be the answer. Introducing them in a cost-driven 
environment will be difficult, but | believe these problems will 
be eventually solved and that the solutions will result in fast, 
reliable, inexpensive systems that ensure a consistent level 
of image quality and reproducibility. 

Digital techniques will make possible vision systems that 
automatically detect features or objects. This has been done 
for a long time in such applications as automated blood-cell 
counting and analysis of images consisting of only a few 
hundred pixels [2]. For automatic detection of more compli- 
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cated features in more complicated images, however, 
progress has been slow. These challenges are a lot more 
demanding than audio or even video signal processing. After 
all, the telephone company or TV station that filters a few 
details out of its message or picture will not be sued for 
malpractice. In addition, the system of the human eye and 
brain is very good at many important image-processing jobs 
that are difficult for machines, such as edge-detection, filtering 
out noise, and comparing “before” and “after” images. 

Again, the defense community is pushing the frontiers. At 
the GE Research and Development Center, we are tackling 
the problem of identifying airplanes on the ground from a 
reconnaissance satellite or aircraft [3]. A typical airport scene 
has about 4 million pixels. Our ultimate goal is to be able to 
pick out and identify the airplanes in about 1 sec. By current 
methods on a minicomputer, it takes 1 day or more to analyze 
such a picture. One of the most promising ways to decrease 
this time sharply is through the use of highly parallel proces- 
sors. Such machines are only in the early developmental stage 
today [4]. However, 12 years ago, a microprocessor-based 
array processor as used in CT was also at an early stage. 

Visual scene analysis requires new software. For the airport 
images, the plane taking the picture might be coming in at an 
angle. So a general solid model of the target object needs to 
be constructed off-line before the mission starts, since such 
a model demands much computer time and memory. Then, 
on-line, the profile that the camera might be expected to see 
at that angle is generated. This model-based approach is 
relevant to medical problems, because location of an organ 
or abnormality within the body also involves looking from 
different angles and getting different profiles. 


Computer-Aided Design and Engineering 


Research started outside medical imaging studies might 
also have a big impact in computer-aided design and engi- 
neering for radiology. Until recently, the resolution in three- 
dimensional (3D) computer graphics was too low for medical 
imaging. Images that accurately reproduced the data looked 
blocky and jagged. Those images that smoothed out the data 
lost detail, and they looked fuzzy and out of focus. 

New algorithms now give pictures of the surface that use 
all the information and that are also smooth, sharply focused, 
and realistically shaded [5]. We have made accurate and 
realistic-looking images of the skull (Fig. 1) and abdomen (Fig. 
2), using data derived from 20-100 contiguous CT scans. 
The density can be selected to give images at different depths. 
In the abdomen, for example, the viewer can look at intestine, 
muscle, bone, or everything at once. 

We have also made images of the head from the data in 
50 contiguous slices. We have imaged the arteries through 
the use of flow contrast rather than density; MR imaging is 
accurate in visualizing flow. The images were made by using 
a new algorithm to determine surface shape. The result is 
realistic and uses all the original data. 

One of these 3D pictures typically requires up to 50 CT 
slices, each with a resolution of 256 x 256, for a total of 6 


AJR:150, January 1988 


megabytes of data. The image can be generated on a GE CT 
9800 with the array processor of a CT scanner (the current 
top-of-the-line model) in about 10 min. Once generated, the 
image can be used to produce a typical study—that is, a 
rotated or otherwise manipulated image—in only 4 sec. 

In the future, a custom-designed accelerator board imple- 
menting image algorithms possibly may be used (1) to move 
or rotate the image with a joystick in real time or (2) to move 
a simplified version of the image until the desired view is 
obtained and then to fill in the details. 

The technique has been used so far on about 100 patients. 
In one instance, surgery was performed to make a 90° change 
in the direction of a patient’s spine. The surgeon later said 
that he could not have performed the surgery successfully 
without the 3D imaging capability. 

The medical applications of these methods may move 
beyond computer graphics into computer-aided engineering. 
In industry, for example, it is now possible to subject a new 
design for an automobile bumper to a simulated 5 mi/hr (8.1 
km/hr) collision, by using the computer model of the part and 
computer-aided engineering software. This kind of 3D engi- 
neering analysis and display might be used to depict, for 
example, the strain on a spine or the blood flow or derived 
wall motion of a heart. 


Artificial Intelligence 


Artificial intelligence might be defined as the use of com- 
puters to do jobs that require recognizable intelligence when 
done by a person. Some of its medical applications are well 
known. We now have several projects in artificial intelligence 
called “expert systems”: computer software ihat captures the 
methods and knowledge used by a human expert in one 
particular domain. The first expert systems were developed 
by computer scientists who sat down with the experts, lis- 
tened to them explain their methods, and then programmed 
those methods into the software. That was too slow and 
expensive. Today’s approaches use an expert-system “shell” 
built by the computer scientists, into which the expertise can 
be fitted easily. 

For one of these systems, the expert, without the aid of a 
computer scientist, can build an expert system on the shell 
[6, 7]. Its applications include designing gas turbines, design- 
ing plastic molds, and even evaluating credit risks. It works 
by a rule-based approach. The expert’s methods are ex- 
pressed in a series of “if-then” rules. The rules are then 
hooked together logically in the form of a tree, over which the 
computer can lead the user to get to the root of the problem. 
These rule-based systems today involve several hundred or 
even a few thousand rules, expressed in thousands or tens 
of thousands of lines of software code. They are typically run 
on a workstation or on one of the more powerful personal 
computers. The real issue, however, is not length of program 
or power of the computer; it is the development of more 
powerful methods of representing and manipulating knowl- 
edge. 
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Fig. 1.—93-slice CT study of head, showing 
skull at four magnifications (A-D). (CT data from 
Milwaukee Medical College; three-dimensional 


image made at GE Research & Development 
Center.) 


Fig. 2.—30-slice CT study of abdomen, show- 
ing (A) anterior abdominal structures; (B) deeper 
structures around aortic bifurcation; (C) bone; 
and (D) composite picture of A, B, and C. 
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One way is to use some methods that humans use, such 
as making decisions based on incomplete information or 
drawing on analogies. We have research under way in these 
areas. We are also moving beyond the rule-based approach. 
Many human experts do not only know what to do, but also 
why to do it: they have mental models of what is really going 
on. Certainly this is true in medicine. We are now doing 
research on that model-based approach, and we are devel- 
oping model-based systems for the control of communication 
satellites and high-performance aircraft. 

| do not want to oversell artificial intelligence. For a long 
time, expert systems will remain only moderately intelligent 
assistants, rather than true experts. Some really difficult 
problems, such as using a radiograph to help diagnose illness, 
will be among the last conquered by an expert system, long 
after one has become the world’s chess champion. But for a 
wide range of less demanding tasks, such as controlling dark- 
room quality, expert systems will help humans perform be- 
yond their level of immediate knowledge. 


Conclusion 


Consideration of future advances and directions of research 
must take into account both the continuing advance of phys- 
ical methods of sensing and better ways of making use of the 
data that have been sensed. In the past, medical diagnostics 
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has piggybacked on physics, and it will continue to do so. 
Increasingly, however, it will also piggyback on the sciences 
of information and automation. | have sketched out some 
opportunities in the fields of digital signal processing, com- 
puter-aided imaging and analysis, and artificial intelligence. | 
do not present them as a substitute for human talents but as 
amplifiers of human talents. They are means of turning data 
into information and turning information into knowledge. How- 
ever, the human still must take the final creative step and 
generate wisdom. I’m fully convinced that humans will always 
Stay one step ahead of their machines. 
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Perspective 


Horizons in Gallstone Therapy— 1988 


Eric vanSonnenberg'* and Alan F. Hofmann? 


The National Cooperative Gallstone Study in 1981 [1] es- 
timated that 20 million people in the United States have 
gallstone disease. A careful prospective study recently con- 
firmed a similar frequency in Italy [2]. The enormity of the 
problem is evidenced by the well over $1 billion annual cost 
of treatment in the United States. The bulk of the expense is 
accounted for largely by the 500,000-600,000 cholecystec- 
tomies performed annually [1, 3]. Gallstone-related pancrea- 
titis and choledocholithiasis contribute to this substantial cost. 
The protean manifestations of gallstone disease account for 
its being one of the most common causes of hospitalization 
for surgical procedures [4]. 

A host of therapeutic alternatives to cholecystectomy is 
becoming available. These developments for gallstone dis- 
ease likely will parallel the precedent set with kidney stones, 
the treatment of which has been revolutionized. Extracorpo- 
real shock-wave lithotripsy (ESWL) and percutaneous contact 
dissolution with solvents, supplemented with oral medication 
to prevent recurrence, herald a new horizon in the manage- 
ment of gallstones. This paper highlights the current status 
of these new developments and targets fertile areas for future 
research. Integration of these techniques with traditional cho- 
lecystectomy is addressed. 


Extracorporeal Shock-Wave Lithotripsy 


The success of ESWL for renal calculi made it natural to 
extend the technology to the treatment of gallstones. The 


original clinical work was done in Munich, Germany, by Sauer- 
bruch et al. [5]. Brendel, in association with the Dornier 
Company, was a pioneer in the field of shock-wave therapy 
[5]. These investigators modified a renal lithotriptor, enabling 
its use for the treatment of gallstones. Sonography was 
coupled to the extant machine; this permitted accurate local- 
ization of the gallbladder, the typically nonopaque gallstones, 
and the fragments resulting from ESWL. Methods for posi- 
tioning the patient were altered to expose the right upper 
quadrant, and focusing of the shock waves was improved to 
enhance fragmentation of the gallstones. 

Currently, more than 300 patients have undergone ESWL 
for gallstones in Germany. Success, defined as the eventual 
absence of stones and fragments as delineated by sonogra- 
phy, has been achieved in more than 80% of patients (Sauer- 
bruch T, Paumgartner G, personal communication). In virtually 
all of the other patients, the stones were fragmented and 
reduced in size. Complications have been few. Mild to mod- 
erate pancreatitis was the most significant and developed in 
two patients. Biliary colic has been the preponderant side 
effect; it has occurred in approximately one-third of patients. 
As a result, outpatient analgesics have been required after 
ESWL for these patients. The need for adjunctive procedures 
with ESWL has been decidedly uncommon; the use of endo- 
scopic papillotomy has been rare [5, 6]. 

A drawback to this form of treatment is the relatively 
stringent criteria for selection of patients, which have ensured 
the excellent success and safety to date. Presently, ESWL is 
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applied to 25-30% of patients with gallstones who are re- 
ferred for therapy. In the Munich study [5, 6], eligibility for 
treatment was defined as follows: (1) symptoms of gallstone 
disease, (2) stones less than 2.5 cm in diameter, (3) fewer 
than four stones, (4) absence of a calcific nidus or peripheral 
calcific rim, and (5) visualization of the gallbladder on oral 
cholecystogram (implying patency of the cystic duct). Patency 
was considered essential to permit fragments to pass. Only 
patients who were healthy enough to undergo cholecystec- 
tomy were accepted into the study. 

A combination of chenodeoxycholic (Chenodiol) and urso- 
deoxycholic acids was used before and after ESWL [5, 6]. 
These drugs render bile unsaturated in cholesterol and should 
promote dissolution of the fragments. In addition, the drugs 
are likely to induce choleresis. A trial comparing ESWL alone 
with ESWL plus adjunctive ursodeoxycholic acid will be con- 
ducted in a number of institutions in the United States over 
the next year. Many issues related to ESWL have been 
highlighted in two recent commentaries [7, 8]. 


Percutaneous Techniques 
Contact Dissolution 


Transcatheter infusion of cholesterol solvents has been 
effective for contact dissolution of gallstones. Catheters are 
placed into the gallbladder by using fluoroscopy, sonography, 
or a combination (rarely with CT) of guidance techniques. The 
modified Seldinger technique using a coaxial system is pre- 
ferred for insertion of the catheter. The transhepatic route is 
recommended and may be essential to prevent leakage of 
bile [9]. 

At present, methyl-tert-butyl ether (MTBE), an analog of 
diethyl ether, is the agent of choice for dissolving cholesterol 
gallstones [9-11]. MTBE is far more effective for cholesterol 
stones than monooctanoin (Moctanin), the previously pre- 
ferred agent. A Mayo Clinic study [9] showed dissolution of 
stones exposed to MTBE, whenever calcium was not a major 
component of the stone. Potential side effects of MTBE 
include sedation, transient pain, hemolysis, foul odor, and 
damage to certain types of catheters and occlusion balloons 
[9, 11]. The balloons are used to block flow of MTBE from 
the gallbladder or common bile duct into the duodenum; this 
reduces the likelihood of side effects. MTBE is not yet ap- 
proved for marketing. 

Other solvents are being tested for the dissolution of non- 
cholesterol stones [12], such as calcium salts of bilirubin and 
other anions and proteins. At present, dissolution is applicable 
for cholesterol calculi only, the major type of gallstones in 
developed countries. Both injection by hand and dedicated 
pump systems for delivery of solvent have been used 
[9-12]. Improved mixing of solvent and prevention of leakage 
by control of intraluminal pressure appear to be advantages 
of a recently developed computer-controlled pump [12]. 

Dissolution via solvents is effective for cholesterol stones, 
whatever the number and size of the stones; this is an 
advantage compared with ESWL, for which number and size 
have been restrictions. The time required for dissolution can 
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be lengthy (3-25 hr); this is the main limitation of percutaneous 
contact dissolution [9-11]. High-speed delivery systems most 
likely would shorten the duration of contact dissolution to 1- 
2 days, inclusively. Widespread use of percutaneous contact 
dissolution will require improved techniques for delivery of 
solvents. 


Mechanical Removal 


Several methods are effective for mechanical removal of 
gallstones from the gallbladder. A percutaneous cholecystos- 
tomy tract created with a catheter can be dilated after the 
tract has matured [13, 14]. This permits insertion of baskets 
and contact lithotriptors [15] for fragmentation and removal 
of stones. Mechanical extraction of fragments has been used 
in conjunction with dissolution, when dissolution has reduced 
the size of the stones but not eliminated the residua. Surgical 
cholecystostomy combined with subsequent removal of 
stones via a basket is another alternative [16]. Attempts at 
percutaneous ablation of the gallbladder have not yet proved 
applicable to humans [17-19]. 


Oral Agents 


Two bile acids have been effective for dissolution of cho- 
lesterol gallstones: chenodeoxycholic acid and its congener, 
ursodeoxycholic acid [1, 20-22]. Chenodeoxycholic acid 
(cheno) was introduced first, but use of it has decreased 
because of its adverse effects. Diarrhea is the side effect that 
most frequently interrupts therapy. Liver function tests be- 
come mildly abnormal in 15-20% of patients, and severe 
dysfunction (albeit reversible) occurs in 3% of patients 
[1, 20]. 

Ursodeoxycholic acid (urso) presently is undergoing evalu- 
ation in the United States. Its use is more widespread in 
Europe. Studies have shown comparable effectiveness of 
urso and cheno for cholesterol stones; however, urso is more 
attractive because of its lower dosage to achieve dissolution 
and the lack of side effects [20]. Urso is the more expensive 
of the two drugs. A combination of the two agents has been 
used before and after both ESWL and percutaneous contact 
dissolution to eliminate residual concretions after primary 
treatment [6, 11]. A combination of the two agents may be 
superior to either agent alone. 

Both cheno and urso are slow-acting if used as primary 
therapy; 6 months to 2 years may be required for effective 
dissolution. Another drawback is that resistant stones (about 
40%) cannot always be identified in advance. Stones recur in 
50% of successfully treated patients if the drugs are discon- 
tinued. Current evidence suggests that optimal use of these 
agents is to prevent recurrence of stones after primary ther- 
apy by ESWL or dissolution. 


Options for Ductal Stones 


The aforementioned techniques have been used for com- 
mon duct and intrahepatic stones, albeit much less frequently 
than for gallstones [5, 10]. With ESWL, bile duct stones 
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preferably are localized by fluoroscopy rather than by sonog- 
raphy. To permit visualization of the stones, either the duct 
must be opacified (by percutaneous or endoscopic catheters), 
or the calculi must be calcified. Preliminary data suggest that 
these stones may be fragmented [5, 9, 23-25], but adjunctive 
endoscopic techniques may be required for removal of the 
fragments. 

Percutaneous transhepatic, T-tube, and endoscopic cath- 
aters have been used for dissolution of stones in the bile 
ducts by MTBE and monooctanoin [10, 26, 27]. Disadvan- 
tages of MTBE depend on whether it passes into the duo- 
denum; if so, systemic absorption, duodenitis, and sedation 
may ensue. Occlusion balloons have been used to block the 
flow of MTBE into the intestine. Both intra- and extrahepatic 
stones have been dissolved effectively. Dissolution may be 
combined with the use of a basket to achieve complete 
removal of stones. Common duct stones that form years after 
cholecystectomy frequently calcify; hence they are amenable 
to partial dissolution only (i.e., the noncalcified portions). 
Pulverization and laser pyrolysis are being explored for the 
treatment of ductal stones. 


Unresolved Issues 


Many issues are unresolved. Perhaps the primary one is 
whether screening should be used to detect asymptomatic 
gallstones in healthy patients. If calculi are found, is treatment 
justified to reduce the eventual morbidity of gallstone disease 
and to reduce the staggering costs? With established symp- 
tomatic disease, the fundamental questions are the age and 
medical status at which nonsurgical options are advisable for 
patients. The likelihood of recurrence of stones vs the feasi- 
bility and cost of long-term oral medications or repeat ESWL 
or percutaneous procedures is the key issue for healthy, 
relatively young patients who have gallstones. 

Selection of patients for ESWL vs contact dissolution is yet 
to be determined. Table 1 summarizes current advantages 
and disadvantages of each. Whether dissolution and ESWL 
should be used in conjunction with each other to both broaden 
the indications and shorten the duration of each needs to be 
addressed. 

Whether the effects of making a patient stone-free diminish 
the likelihood of chronic cholecystitis and carcinoma of the 
gallbladder will have an impact on the role of surgery. These 
questions must be answered vis a vis cholecystectomy, which 
completely eliminates the risk of cholecystitis and carcinoma. 
The 0.7-2.5% risk of mortality with cholecystectomy also 
must be considered [27, 28]; the lower figure is more repre- 
sentative of large series. However, elderly, critically ill patients 
who have acute cholecystitis are more likely to have a higher 
mortality rate; they therefore stand to benefit most from 
nonsurgical options. 

What will be the role of cholecystectomy if the alternative 
techniques are effective treatment for a large number of 
patients with gallstones? Continuing indications for de novo 
operation would appear to include (1) acute cholecystitis, (2) 
hydrops/empyema/abscess in a good candidate for surgery, 
(3) porcelain gallbladder, and (4) densely calcified stones. 
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TABLE 1: Selection Criteria for ESWL and Percutaneous 
Contact Dissolution with Solvents for Treatment of Gallstones 


a SS EE a E E E o o 





Percutaneous 
Criteria ESWL Contact Dissolution 
with Solvents 
Symptoms Yes Yes 
Stone size <2.5 cm Unlimited 
Number of stones Fewer than four Unlimited 
Stone composition Cholesterol, Cholesterol only 
pigmented, + 
calcified 
Bilirubinate stones Yes No 
Calcified stones 
Nidus No No 
Rim > m No 
Patent cystic duct Necessary Desirable 
Functioning gallbladder Necessary Desirable 
Overall applicability 20-30% of pa- 75-80% of pa- 
tients tients 
Risk; adverse effects Low; biliary Low; bile peritonitis 
colic 
Patient acceptability High High 


————— s.r 


Note. —ESWL = extracorporeal shock-wave lithotripsy. 


Failure of the nonsurgical techniques or severe complications 
also should prompt cholecystectomy. 


Conclusion 


Although the future treatment of gallstones is uncertain, 
change is imminent. Balancing the exploding technological 
advances with standard cholecystectomy is a pragmatic long- 
range issue. Immediate questions focus on broadening the 
applicability of ESWL and contact dissolution and on minimiz- 
ing risks, side effects, and duration of therapy. The interplay 
of oral medication and mechanical removal of gallstones in 
the broad scheme will require extensive trials and experience. 
Change is certain; for the new treatments, how, when, and 
to whom are all unresolved issues. 
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Penile Angiography: The Last Angiographic Frontier 


Joseph J. Bookstein' 


A unique combination of scientific disinterest, misinforma- 
tion, therapeutic nihilism, and social taboos has long relegated 
male impotence to the realm of folk medicine. Within the past 
few years, however, these primitive influences have begun to 
yield, and impotence has become increasingly recognized as 
a legitimate field of medical investigation. A major impetus for 
the scientific investigation of penile erection was provided by 
the recent discovery of the erectogenicity of intracavernosal 
smooth-muscle relaxants [1, 2]. That one discovery led to 
dramatic changes in concepts of the physiology of erection; 
proof of the existence and mechanism of venoocclusion; 
methods for diagnosing and quantitating venoocclusive insuf- 
ficiency; recognition of the high frequency of venogenic im- 
potence; improved methods of arterial imaging; and a practical 
pharmacotherapeutic method. 

The fundamental circulatory nature of penile erection im- 
plies a major role for angiography in the investigation of 
erectile function and dysfunction. Indications exist for both 
diagnostic and therapeutic angiographic procedures in both 
the arterial and venous beds. Conventional angiographic 
methods have proved insufficient, however, and new equip- 
ment and techniques were needed for adequate evaluation. 
Fortunately, an array of sophisticated diagnostic and thera- 
peutic angiographic techniques, developed through experi- 
ence with other organ systems, was now available for use in 
the study of impotence. With angiography as their forte, 
radiologists can extend their interests beyond clinical investi- 
gations to include all aspects of erectile morphology and 
physiology. Radiologists should embrace the opportunity to 
become involved in this exciting and rapidly progressing field, 
for indeed it may represent the last angiographic frontier. 


Received August 11, 1987; accepted after revision September 9, 1987. 


Altered Physiologic Concepts 


Until 1980, penile erection was attributed primarily to in- 
creased corpora cavernosal arterial flow, with secondary en- 
gorgement of cavernosal sinusoids [1]. The discovery of the 
erectogenic effects of intracavernosal (but not intraarterial) 
injection of papaverine [2] and other smooth-muscle relaxants 
[3] has shifted the emphasis to relaxation of smooth muscle 
in the walls of the cavernosal sinusoids as the initiating 
process of cavernosal erection. As sinusoidal muscle tone 
diminishes and the sinusoids begin to distend with blood, the 
small peripheral venous tributaries become compressed be- 
tween the peripheral sinusoids and the unyielding peripheral 
tunica albuginea (Fig. 1) [4, 5]. Thus activation of the veno- 
occlusive mechanism is an intrinsic sequela of cavernosal 
muscular relaxation. 

The mediators of sinusoidal muscular relaxation are poorly 
understood. Acetylcholine, released by parasympathetic 
nerve terminals, has long been considered a mediator [6], but 
evidence is controversial and other agents, including vaso- 
active intestinal polypeptide, probably also play a role [7]. A 
substance released by the endothelium, termed endothelium- 
derived relaxing factor (EDRF) is required for acetycholine- 
induced relaxation [8-10]. This substance may be a key factor 
in impotence, and will probably be the object of intensive 
investigation in the near future. 

With the onset of sinusoidal muscular relaxation, resistance 
to arterial flow is inherently reduced (Fig. 1), and arterial flow 
increases markedly until Cavernosal pressure approaches 
systolic. Augmented arterial flow seems to be required for 
rapid erection, although it is now apparent that erection can 
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Fig. 1.—Cavernosal smooth-muscle relaxation as single unifying event 
of penile erection. (Reprinted with permission from Fournier et al. [4].) 

Top, In flaccid state, sinusoidal vascular space and arterial inflow are 
limited by wall tonus. Venous outflow is unimpeded. 

Bottom, After neurostimulation or intracavernosal papaverine injection, 
sinusoidal smooth muscle relaxes and distended sinusoids compress and 
obstruct peripheral venules against tunica albuginea. Simultaneously, re- 
sistance to arterial flow decreases until cavernosal pressures approach 
systolic pressures. 


eventually be achieved with arterial flow rates as low as 2-6 
ml/min [11], if the venoocclusive mechanism is fully compe- 
tent. 

After orgasm, sinusoidal muscular tone increases, presum- 
ably because of alpha adrenergic sympathetic discharge. The 
sinusoids shrink, releasing the venoocclusive mechanism and 
simultaneously increasing resistance to arterial inflow. 


Causes of Impotence 


In 1910, Steckel, who was a student of Freud's, stated 
that 90% of all impotence was psychogenic [12]. This maxim 
persisted into the 1970s, when objective tests such as noc- 
turnal penile tumescence and Doppler examinations began to 
suggest a high frequency of organic disease. It now appears 
that an organic basis can be recognized in more than 50% of 
impotent patients, and that vasculogenic impotence is the 
most frequent organic cause. In our series to date of 110 
relatively unselected impotent patients, vasculogenic impo- 
tence was found in 72 (65%): impotence was venogenic in 28 
(25%), arteriogenic in 19 (17%), and combined venogenic and 
arteriogenic in 25 (23%). 

The diagnostic criteria for venogenic impotence vary con- 
siderably among institutions. We reserve the term for patients 
with cavernosal leak exceeding 45 ml/min after intracaver- 
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nosal injection of a full muscle-relaxant dose of papaverine- 
phentolamine mix (see following section). Persistent leakage 
implies an organic basis for the insufficiency, although the 
pathophysiology still is not well understood. Our diagnostic 
criteria for arteriogenic impotence require the obstruction to 
be bilateral and hemodynamically significant. 

Trauma is a frequent cause of vasculogenic impotence 
[13]. Of 11 such patients in our series, 10 had arteriogenic or 
venogenic impotence, either alone or in combination. Of nine 
diabetics, five had vasculogenic impotence. 


Indications for Investigation 


A history of absent nocturnal erections suggests an organic 
cause for impotence. Otherwise, history and physical exami- 
nation, as well as ordinary laboratory tests, usually play a 
limited role. Determination of the cause of impotence requires 
increasingly sophisticated diagnosis in keeping with the spec- 
ificity of any planned therapy. For example, if papaverine 
injections are planned, specific diagnosis is hardly required. 
On the other hand, arterial revascularization or venoablative 
therapy require highly specific and accurate angiographic 
diagnosis. 

After establishing the absence of normal nocturnal erec- 
tions by history or a snap-gauge test, a variety of screening 
tests may be performed before proceeding to angiography. 
We and others [14] have found it useful to give patients an 
intracavernosal injection of a small dose (15-30 mg) of pa- 
paverine mixed with 0.25-0.5 mg of phentolamine mesylate 
(Regitine, Ciba, Edison, NJ). When erection fails to occur 
within an hour, either in the office or at an arranged sexual 
situation, we have found venogenic impotence (alone or in 
combination) to be present in 75% of patients. A normal 
response to papaverine excludes venogenic impotence but 
does not completely exclude arteriogenic impotence. 

The ratio of penile-to-arm blood pressure is termed the 
penile-brachial index (PBI). The normal index is greater than 
0.75. An index of 0.61-0.74 is usually considered indetermi- 
nate, and a value of less than 0.60 indicates arterial obstruc- 
tion. In our experience and that of others [15], the PBI is only 
moderately accurate. In 48 cases, we have found a sensitivity 
and specificity of about 70% (Bookstein, unpublished data). 

The Rigiscan (Dacomed, Minneapolis, MN) is an automated 
device that measures both nocturnal tumescence and rigidity 
at the base and tip of the penis [16]. In our experience, the 
results are reasonably reliable in recognizing organic impo- 
tence, but do not distinguish arteriogenic from venogenic 
Causes. 

Evaluation of the cavernosal artery with duplex scanning 
before and after the intracavernosal injection of papaverine 
has been recommended by Lue et al. [17]. Inadequate in- 
crease of caliber and flow velocity of the cavernosal artery 
between the two observations suggest arterial insufficiency. 

Although the yield is small, routine endocrine screening for 
serum levels of testosterone, prolactin, follicle-stimulating hor- 
mone, and luteinizing hormone [18], and various tests for 
penile neurologic function, probably are also warranted. 
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The reliability of these screening tests has not yet been 
proved through careful comparison with angiography, and 
sometimes we proceed directly to angiography without inter- 
mediary screening. 


Performance of Angiography 


Invasive vascular procedures (arteriography, cavernoso- 
metry, and cavernosography) constitute the gold standard for 
diagnosis of vasculogenic impotence. These angiographic 
methods include (1) outpatient performance on a single oc- 
casion under mild sedation; (2) the use of selective magnifi- 
cation arteriography; (3) the intracavernosal injection of 60 
mg papaverine admixed with 1 mg phentolamine; (4) the use 
of nonionic contrast agents for arteriography and dilute con- 
trast for cavernosography; and (5) quantitation of venoocclu- 
sive insufficiency [11, 19]. 

Cavernosometry refers to a method of determining caver- 
nosal pressure response to standardized rates and volumes 
of fluid infusion in order to define the presence and degree of 
venous leak. We developed the pharmacologic maintenance- 
erectile-flow method to quantitate venoocclusive insufficiency 
in terms of milliliters per minute. The method is performed by 
determining the rate of infusion required to maintain an intra- 
cavernosal pressure equal to, or greater than, systolic pres- 
sure. 

Cavernosography refers to radiographic demonstration of 
the corpora cavernosa and their venous effluents after intra- 
cavernosal injection of (dilute) contrast agent. In impotence it 
serves primarily to define persistent routes of venous egress, 
but it is not reliable in determining the presence or magnitude 
of abnormal corporal leak. 

Penile angiography requires full relaxation of the smooth 
muscle of the corpus cavernosum by the use of drugs. This 
simultaneously augments arterial flow and activates venooc- 
clusion. In our experience, both nonvasodilated arteriography 
or cavernosography and cavernosometry without pharmaco- 
logic activation of the venoocclusive mechanism are unrelia- 
ble. The dose of 60 mg papaverine mixed with 1 mg phentol- 
amine seems to be at least as effective as any other agent(s), 
and greater doses seem to have no further effect. Importantly, 
papaverine is thought to act independently of EDRF [10]. 

Detailed consideration of technical aspects of performance 
of angiographic procedures is beyond the scope of this re- 
view, and interested readers may refer to previous publica- 
tions [11, 19, 20]. 

Priapism is an occasional sequela of intracavernosal papav- 
erine-phentolamine injection. Detumescence should be in- 
duced after 4 hr of erection by using cavernosal aspiration 
via a 19-gauge needle and intracavernosal injection of one or 
two doses of 10-15 wg of epinephrine. 


The Normal Arteriogram 


Satisfactory angiographic evaluation of arteriogenic impo- 
tence requires precise demonstration of the penile arterial 
supply from the aortic bifurcation to the tip of the penis (Fig. 
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Fig. 2.—Normal selective left pudendal arteriogram in right posterior 
oblique projection performed 5 min after intracavernosal injection of pa- 
paverine-phentolamine. 31-year-old man with impotence caused by dia- 
betes (same case as that shown in Fig. 5). 

A = internal pudendal artery; B = scrotal branch; C = artery to bulb of 
the corpus spongiosum; D = dorsal penile artery; E = cavernosal artery, 
with stain of corpus cavernosum. 


2). Neglecting a portion of this vascular tree can lead to errors 
in diagnosis and therapy. For example, transluminal angio- 
plasty of a proximal stenosis of a pudendal artery is frequently 
contraindicated by the demonstration of severe distal occlu- 
sive disease. In addition, patent cavernosal branches should 
be shown to arise from any artery intended for recanalization. 
Magnification techniques are often necessary for adequate 
definition of these small branches (Figs. 3 and 4). 

The major arterial supply of the penis is derived from the 
anterior division of each internal iliac artery via the internal 
pudendal artery. Typically, each internal pudendal artery then 
gives rise to three major branches: an artery to the bulb of 
the corpus spongiosum, an artery to the corpus cavernosum, 
and the dorsal penile artery, which passes to the glans (Fig. 
2). Points of clinical significance include the following. (1) The 
dorsal penile arteries usually supply perforators to the mid- 
distal corpus cavernosum. For this reason, bypass into a 
proximally occluded dorsal penile artery will usually improve 
flow to the corpora cavernosa. (2) Anatomic variants are the 
rule and include the origin of both cavernosal arteries from 
one side, hypoplasia or absence of one dorsal penile artery, 
and supplemental internal pudendal arteries. Because of the 
frequency of variants, nonvisualization of a cavernosal artery 
on one side does not necessarily indicate obstruction of that 
artery, but rather that it may arise from the contralateral side 
or a supplemental pudendal artery. (3) Abundant potential 
collateral routes exist in the penis that become functional in 
the presence of organic obstruction. Observing the presence 
or absence of such collaterals is helpful in evaluating the 
hemodynamic significance of arterial stenoses. 
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Fig. 3.—Posttraumatic arteriogenic impotence. 42-year-old truck driver 
with repeated perineal injury caused by bouncing motion due to poor 
suspension in patient’s truck. Selective magnification arteriography was 
necessary for adequate demonstration. (Abnormalities were similar on 
patient’s other side.) 

A = severe focal narrowing of right penile artery; B = marked narrowing 
of proximal dorsal penile artery; C = sparse reconstitution of proximally 
occluded cavernosal artery filling by collateral; D = artery to bulb of corpus 
spongiosum; E = scrotal artery. 

Cavernosometry and cavernosography showed a normal venoocclusive 
mechanism. Patient underwent a unilateral inferior epigastric-to-dorsal 
penile artery bypass and was able to develop fully rigid erections. However, 
after 2 months, the anastomosis avulsed during intercourse and impotence 
recurred. A repeat arteriogram showed occlusion at distal anastomosis. 


The Abnormal Arteriogram 


While arterial obstruction may be observed at any level, a 
strong predilection exists for involvement of the distal internal 
pudendal artery or proximal portions of the penile branches 
(Figs. 3 and 4). A prerequisite for arteriogenic impotence 
seems to be bilaterally significant obstruction. Thus unilateral 
revascularization may restore potency [21]. There also exists 
a remarkable tendency for bilateral symmetry; disease that is 
unilateral and hemodynamically significant is rare. For these 
two reasons the selective arteriogram may be limited to the 
initial side if at least one normal ipsilateral cavernosal and 
dorsal penile artery are visualized, and if there is no evidence 
of collateral flow to suggest contralateral disease. 


Normal Cavernosometry and Cavernosography 


In normal subjects studied without intracavernosal injection 
of papaverine, intracavernosal infusion of 100 ml of dilute 
contrast medium at the rate of 2 ml/sec raised intracavernosal 
pressures to only about 45 mm Hg [22]. Cavernosograms 
showed flow into all penile veins and erectile structures: the 
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Fig. 4.—Arteriogenic impotence requiring selective magnification stud- 
ies for demonstration. This 62-year-old man had been impotent for 24 
months. Both cavernosal arteries arose originally from left side. A patent 
dorsal penile artery was present on right. 

A = obstruction of penile artery; B = collaterals filling cavernosal artery; 
C = reconstituted cavernosal trunk that supplies two distal arteries. 

Because of normal pulsations of dorsal penile artery and a normal 
penile-brachial index, arteriogenic impotence had not been strongly sus- 
pected. Inadequacy of collateral arterial flow to corpora cavernosa was 
supported by observation of a poorly pulsatile pressure wave during 
cavernosometry. 


deep dorsal penile vein, the crural perforators, the glans and 
spongiosa, superficial penile veins, and the external puden- 
dals. Such studies did not allow reliable diagnosis of veno- 
occlusive insufficiency, quantitation of venous leak, or identi- 
fication of the sites of abnormal venous leak. 

When cavernosometry and cavernosography were re- 
peated after intracavernosal injection of papaverine-phentol- 
amine, pressure in normal subjects always rose above 100 
mm Hg, and angiograms showed little opacification of any 
penile venous system (Fig. 5). 

Normal values for the pharmacologic maintenance-erectile- 
flow method are only 2-12 ml/min [11]. 


Cavernosal Studies in Venogenic Impotence 


The pressure response to intracavernosal infusion is sub- 
normal in patients with abnormal venous leak. The rate of 
leakage, as quantified by the pharmacologic maintenance- 
erectile-flow method, can be greater than 180 ml/min. Leak- 
age of up to 20 ml/min seems to be of little clinical significance. 
Leakage of 25-45 ml/min may be significant in the presence 
of some compromise in arterial flow. Leakage of more than 


AJR:150, January 1988 





A 


bebe pet he eee te ree > + 
tH Pte deere EERE t+ 
J9 we ttt 
HR 
ee bees 
ee see 
Hipp 1 on 
t pens i She HEF 
tts he t 
eere ae 
A FEH k p7 
t bi 
Es 
-e 
pes 
ee 
br i 
` 





PENILE ANGIOGRAPHY 51 


+ 
. 
eres 
t.s 
g H mee 
e 
i 


SEEEEEEER SS 


j 


HEHHEE LELLI HH SHEE 


$ : iiaii i ee 
Seppe 


FEET FHH 
rrr + 
HH H Hi HEREJE HE 
H + ragas 
EHHH s pest Lan at 
H ss oe ++ 
++ +++ 
a 
S Hpo $ 
2 
. 
jin 


sis 2 EH 
|. 
: o J aaea” 


isses oo 


Fig. 5.—Normal cavernosogram in 31-year-old diabetic with impotence and hypertension (same patient as that shown in Fig. 2). 20 min after 
intracaversonal injection of papaverine-phentolamine, infusion of diluted contrast medium at rate of 12 ml/min enabled patient to maintain an erection 


with cavernosal pressures of 180 mm Hg. 


A, Cavernosography shows almost no venous drainage. A = minimal opacification of preprostatic plexus; B = left crura without visualized crural 


perforators. 


B, Infusion was begun at rate of 45 ml/min and was gradually decreased as pressure rose. After about 120 sec, pressure was maintained at 180 mm 
Hg by an infusion at 12 ml/min. During infusion, pulsatility of pressure pulse becomes apparent as pressure rises between about 80 mm Hg (left arrow) 
and 170 mm Hg (right arrow), suggesting systolic and diastolic intracavernosal artery pressures of this amount. 


45 ml/min seems to cause impotence regardless of the status 
of the arterial supply. 





Fig. 6.—Venoocclusive insufficiency, primarily via 
deep dorsal penile vein (arrow). 62-year-old man with 
arteriogenic and venogenic impotence. Despite bilateral 
pudendal arterial obstruction shown by arteriography, 
patient regained sexual function after percutaneous 
transcatheter occlusion of dorsal penile and pudendal 
veins. 


Identification of the site of leakage is important in planning 
venoablative therapy (see following section). Abnorma ve- 
nous leakage most frequently occurs via the deep dorsal 
penile vein (Fig. 6) and/or the crural perforators into the 
pudendal veins (Fig. 7). Drainage also can occur predomi- 
nantly via the corpus sponiosum or via superficial veins on 
the dorsal or ventral aspects of the penis into the external 
pudendal veins. 


Therapy 


The role of radiology is best understood in the lignt of 
currently available therapeutic options. Over the past decade, 
implantation of semirigid or inflatable penile prostheses has 
become an accepted form of therapy. The level of satisfaction 
experienced by the patient and his partner is difficult to 
evaluate, but satisfaction rates seem to vary from about 50% 
to nearly 100% [23, 24]. Three to 8 percent of prostheses 
eventually require removal [24, 25], usually because of infec- 
tion, and the overall complication rates vary from about 7 to 
15%. 

Many centers now offer therapeutic programs that involve 
self-administration of papaverine into the corpora cavernosa. 
Zorgniotti and Lefleur [26] report good responses in over 
80% of patients. Papaverine is effective in a wide variety of 
conditions, including venogenic, arteriogenic, and neurogenic 
impotence. Our experience suggests that cavernosal fibrosis 
may develop after a time, and that some patients become 
refractory to treatment. Other smooth-muscle relaxants such 
as prostaglandin Ez require further evaluation and may prove 
to be more effective. 

For arteriogenic impotence, a variety of revascularization 








Fig. 7.—Venoocclusive insufficiency, primarily via crural perforators. 
31-year-old man with an 8-year history of impotence. Cavernosometry 
showed leak of 60 ml/min at pressure of 150 mm Hg. 

A, Cavernosogram shows leakage primarily via crural perforators into 
pudendal vein (arrowhead A) and then via preprostatic plexus into vesical 
veins (arrowhead B). Note absence of appreciable opacification in region 
of deep dorsal penile vein (compare with Fig. 6). 

B, Direct venogram after percutaneous puncture of deep dorsal penile 
vein. A = preprostatic plexus, B = pudendal veins, C = obturator vein, D = 
vesical vein. 

C, Incidental to transcatheter venoocclusion, selective venography of a 
pudendal vena comitans (in oblique projection) shows no reflux into crura 
(curved arrow indicates tip of catheter). Several coils have already been 
placed (straight arrows). 

D, During same injection as that shown in C, a Valsalva maneuver was 
performed showing reflux via crural perforators (only barely visible) into 
right crus (arrow). Sclerosant was injected into these and other perforators. 

E, 1 week later, multiple coils are seen in penile veins. (In no case has 
a coil migrated.) Cavernosography no longer shows opacification of pre- 
prostatic plexus, and all pudendal veins that received emboli or sclerosant 
are occluded. 1 week after this study, patient began to note improved 
erections and has since partially regained sexual potency. 
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procedures may be employed including internal iliac bypass, 
the Michal procedure (epigastric-cavernosal anastomosis) 
[27-29], inferior epigastric-dorsal penile arterial anastomoses 
[30], and arterialization of the deep dorsal penile vein [31, 
32]. Results after revascularization of the internal iliac artery 
are mixed [21, 33]. Many failures probably reflect missed 
diagnosis of associated venous leak or distal arterial disease. 
Obstruction of the internal pudendal or penile arteries often 
can be treated by anastomosis into the dorsal penile artery, 
with favorable results in 40% [34]. Results after arterialization 
of the dorsal penile vein have been more encouraging [31, 
32]. Direct arterial anastomoses into the corpus cavernosum 
almost always fail and are no longer recommended [27-29]. 

An increasing number of anecdotal reports describe favor- 
able responses after transluminal angioplasty of one or both 
sommon or internal iliac arteries [35-38]. The technical prob- 
lems of more distal angioplasty have also been partially over- 
come [39], and the primary problem seems to be careful 
selection of patients. Suitable candidates should have short 
stenoses or occlusions, bilaterally significant disease, patent 
distal arteries, and an adequate venoocclusive mechanism. 

Ligation of the deep dorsal vein and some of the circumflex 
tributaries has been reported to improve sexual function in 
40-70% of patients [40, 41]. Our experience with caverno- 
sography, however, shows that a significant portion of the 
leakage in most patients with venogenic impotence occurs 
via crural perforators [11], where surgical ligation has not yet 
been feasible. 

After pilot animal studies (Bookstein et al., unpublished 
data), we have performed transcatheter venoablation in nine 
patients to date, using coils, Gelfoam, and sclerosants. These 
patients all had severe venous leak that was unresponsive to 
intracavernosal injection of papaverine (Fig. 7). The resultant 
venous occlusion seemed to be extensive and permanent. 
Eight of the nine patients developed improved nocturnal erec- 
tions and improved pharmacologic maintenance erectile flow. 
After treatment, sexual performance was rated as normal in 
one, as markedly improved in three, as slightly improved in 
four, and as unimproved in one. 


Conclusions 


The study of impotence offers opportunities for radiologists 
to become involved in an important new field of investigation. 
Radiologic participation will be most meaningful if radiologists 
develop interdisciplinary interests beyond imaging to include 
full understanding of all aspects of penile morphology and 
physiology. A critical mass of scientific expertise has been 
recruited to the subject, and continuing fundamental ad- 
vances in diagnosis, therapy, and prevention are occurring at 
a rapid rate. 
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The clinical efficacy and physicians’ assessment of a medical image management 
system (MIMS) for chest images that involved the medical intensive care unit (MICU) 
and the radiology department were evaluated. A token-passing fiber-optic network was 
implemented to connect display stations in the MICU and in the chest reading area in 
the radiology department with a laser film digitizer and an archiving system. To study 
the clinical efficacy of this sytem, blocks of 8 weeks during which portable chest images 
were digitized and immediately made available in the MICU were alternated with blocks 
of 8 weeks during which film images only were available. Approximately 3000 portable 
chest examinations were tracked; patients were entered into the Study at a rate of 65 
per month. Data on time intervals associated with the examination process were 
collected from MICU physicians, radiologists, radiographers, and film librarians. The 
time from the completion of an examination to the time an action was taken that was 
based on radiographic findings showed significant reductions during the digital periods 
for certain actions. For example, the time to begin drug therapy decreased from a mean 
of 4.7 hr when films were viewed to a mean of 3.3 hr when digital images were viewed. 

In conclusion, if prompt action by the MICU physician improves a patient’s outcome, 
a positive effect on patient care will result from the immediate availability of radiographic 
images. 


Traditional systems for generating, handling, transporting, and archiving diag- 
nostic images have had a head start in the competition with the medical image 
management systems (MIMS) that are being developed today. MIMS, often referred 
to as picture archiving and communication systems (PACS), are being designed to 
replace film and file rooms with digital Storage and retrieval. As described previously 
[1], these systems potentially could speed medical images to physicians and other 
health-care professionals, greatly reduce space taken up by archives, reduce 
operating costs for film libraries, and improve the quality of radiologists’ work. In 
the context of this paper, “film” is taken to mean the conventional radiographic film, 
“digital image” is the digital representation of the film, and “image” is either the film 
or its digital representation. 

Decades of development spent on fine tuning conventional equipment and 
methods for handling radiographic images have resulted in a series of products 
with which the users are thoroughly familiar. The rates of transmission needed to 
equal a film-librarian carrying a heavy folder of films are difficult to Surpass by 
affordable present-day electronic technology [2]. The design of an electronic user- 
interface with a MIMS that begins to rival the simplicity of a stack of films and 
several viewboxes on the wall must be sophisticated. A MIMS must provide 
harmonious operation, combining both technological sophistication and ease of 
use. A new and effective effort to standardize equipment and communication 
techniques is a prerequisite to success. An unprecedented level of involvement by 
users is required in this development to ensure that the systems adequately satisfy 
present and future needs. Continuous testing of prototypes for adequacy and 
effectiveness in the users’ environment is the key to success. 
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We describe the prototype MIMS in operation at the Hos- 
pital of the University of Pennsylvania and present the results 
of a pilot clinical program involving the medical intensive care 
unit (MICU). The overall goal of our MICU project was to 
determine the effect that a MIMS has on care of patients in a 
setting in which rapid access to radiographic information may 
have a direct impact on a patient’s outcome. 


Materials and Methods 
Hardware 


The design of the six-node MIMS used in our department began 
in early 1981 and has evolved substantially since [3-7]. The six nodes 
include the image-acquisition station, the image-archival station, the 
high-resolution viewing station, the medium-resolution viewing sta- 
tion, and the network-research station. Work is underway to develop 
software for a VIEW-2000 display station from Virtual Imaging (Sun- 
nyvale, CA). Figure 1 is a schematic of the topology of the network. 

After the MICU films are processed, a Du Pont (Wilmington, DE) 
Film DRS-1 Laser Scanner is used to generate a digital representation 
of the image on the film (see Fig. 2). The size of the pixel matrix 
produced by the scanner is 1684 x 2048 (horizontal x vertical). 
However, this matrix is subsampled at the scanner to generate a 
1024 x 1024 image file. The depth of each pixel is 12 bits (4096 
discrete levels of gray). The digitized image is transmitted over a 
fiber-optic token-passing ring manufactured by Proteon Associates 
(Boston, MA). The network transports images and concomitant infor- 
mation from node to node at a signaling rate of 10 megabits/sec. 
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Fig. 1.—Topology of present prototype medical image management 
system. The VIEW-2000 display station will be operational soon. See text 
for details on equipment. 
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Images are archived on a VAX-11/780 from Digital Equipment Corp. 
(Maynard, MA). Two 456-megabyte Winchester disks are used to 
archive the 200 most current images and the system's software. 
Images are archived continuously to a Laser Optical Disk manufac- 
tured by Perceptics (Knoxville, TN). 

The medium-resolution physician's station, located in the MICU, is 
centered around a Gould DeAnza (San Jose, CA) IP 5500 Image 
Processor with two display channels, each of which are 512 x 512 
pixels by 8 bits deep (Fig. 3). The physician communicates with the 
system by using the auxiliary keypad of a standard VT-100 keyboard. 
The details of the design of the keypad have been described else- 
where [8]. The zoom feature permits the display of any selected 
quarter of the image at the full (1024 x 1024) resolution available in 
the image file. 

A high-resolution radiologist's station centered around a Ramtek 
9460 (Santa Clara, CA) is also available. This system has three 
memory channels with spatial resolutions of 1280 x 1024 (Fig. 4). 
The software packages for the medium- and high-resolution systems 
have essentially identical front-end structures because it is important 
that a physician be able to use both systems with minimal difficulty. 


Software 


Currently, three packages are running on the network. Two pack- 
ages, which are similar from the user's perspective, operate on the 
physician's station and the radiologist’s station. A third package runs 
on the acquisition station for input of images and demographic data. 
The three programs interact heavily with the networking software to 
enable the movement of data around the ring. All software at the 
applications level was designed and implemented in-house. The 
design of this software, from the user’s point of view, has been 
described in detail elsewhere [8-10]. 

The software for the physician's and radiologist’s stations presents 
an alphabetic list of the current patients in the MICU. Choosing a 
patient's name brings up a list of the available images for that patient. 
Once a particular image is selected, it is displayed on the first image- 
display monitor, which is designated the reference monitor. Associ- 
ated demographic information appears on the VT-100 terminal 
screen. The user now can manipulate the image by using the auxiliary 
keypad. The available functions are pan/scroll, pseudozoom, true 
zoom, modified window/level, nonlinear contrast transforms, and 
gray-level reversal. The user can, with a single keystroke, call up the 
“next image.” The selection of the next image is based on rules built 
into the system [8, 10]. The automated sequencing of images is 
appealing to physicians who prefer minimal interaction with the sys- 
tem when selecting a view. The sequence is standardized and 
therefore becomes routine and expected. For example, the transfer 
of images from the archive to the physician's station is expedited by 
a prefetch algorithm that moves images that will most likely be called 
up. This substantially reduces the waiting time between request and 
display of an image. 


The MICU Experiment 


The research project described here involved the transmission of 
digital images generated from portable chest radiographs taken in 
the MICU. The purpose was to determine the efficacy of a MIMS in 
comparison with that of a traditional film-based system. 

To realize these goals, we planned three chronologically sequential, 
but somewhat interwoven, phases. The first phase was the installa- 
tion of the digital image/data transmission network between the film- 
acquisition area, the chest-reading area, the MICU reading area, and 
the image archive. The second was the design and development of 
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Fig. 2.—image acquisition station where 
films from medical intensive care unit are 
digitized immediately after processing. 


Fig. 3.—Display station, located in confer- 
ence room of medical intensive care unit, 
presents full images at 512 x 512 pixels ora 


Fig. 4.—Radiologist’s station, located in chest reading 
area, provides 1024 x 1024 pixel images. 


quadrant of the image at 1024 x 1024 pixels. 


simple, yet powerful, software to move and manipulate the images. 
Rule-based design was incorporated wherever possible, and the 
software was tested on personnel in the radiology department and 
MICU. The third phase was the evaluation period. Once all the 
involved groups became familiar with the system, we began evalu- 
ating the efficacy of the operation from two perspectives: clinical and 
technological. Test intervals of 8 weeks during which the digital 
system was available were alternated with 8 weeks during which 
only film images were available. Performance during these intervals 
was compared. 

Each time a clinical situation led to a request for a portable chest 
image, the staff members involved in the study were asked to record 
four types of data: binary decisions (yes, no), rating-scale data, 
confidence levels, and time intervals. We split the data-acquisition 
forms into as many subcategories as possible to allow us to see the 
microstructure of the data. However, for presentation purposes, the 
data appear in a coalesced form. 

A similar analysis was made on the data acquired from the film 
and digital periods. Typical examples of our analyses follow. In 
addition, in-depth ministudies are being conducted to compare var- 
ious aspects of viewing films and digital images. From these studies, 
we expect to generate valuable information concerning the design of 
workstations and networks. 


Logistics of Data Collection 


In previous publications [8, 10], flow charts have been used to 
show the sequence of events from the time an examination is 
requested to the time action is taken in the MICU. The flow charts 
also indicated the radiology department's substantial contribution to 
the decision-making process of the MICU physician. The sequence 
of events from the request for an examination to the action taken in 
the MICU was logged by the participating staff members at the time 
each event occurred. A research coordinator, acting as the liaison 
between the medical staff and the research group, monitored the 
process and ensured the integrity of the data. Data were collected at 
five points in the chain. 

The process was triggered when the MICU physician (usually the 
intern or resident) requested a radiologic examination. The time and 
Clinical reason for the examination were given on the consultation 
request. The examination was performed, and the radiographer re- 


corded the times the study was begun and completed on the radi- 
ographer’s form. 

The film librarian received the film and placed it on the multiviewer 
along with previous films for comparison. During the digital period, 
the films were digitized before they were put on the multiviewer. The 
number and availability (or nonavailability) of previous examinations 
were recorded on the librarian’s form. In the digital period, information 
about the digitization process also was acquired on this form. The 
radiologist then read the film(s) and recorded the findings and the 
time of interpretation on the radiologist’s form. The film librarian then 
entered the radiologist’s preliminary report into the system so that 
the MICU physicians had access to an interpretation that accom- 
panied the image. 

Whenever action taken in the MICU was based on information 
derived from radiographs, the MICU physicians were asked to fill out 
an action form. This form recorded information about the action 
taken, associated times, and methods of communication between 
the MICU and the radiology department. 


Data Bases 


Primarily, two data bases are associated with the MIMS. The 
image data base tracks the MICU patients and their images. The 
statistical data base uses in-house software for data entry. Modifi- 
cation and display are done with the Datatrieve and ALL-IN-1 pack- 
ages from Digital Equipment Corp. (Maynard, MA), and analysis is 
performed with the Statistical Package for the Social Sciences (SPSS) 
provided by SPSS Inc. (Chicago, IL). 


Results 


The study was structured with alternating periods of film 
and digital images. We have completed 6 months of the 
conventional film system and 6 months during which digital 
images also were available in the MICU. Approximately 3000 
portable chest examinations were tracked; patients were 
entered into the study at a rate of 65 per month. The popu- 
lations of patients during the film and digital periods were well 
matched with respect to age and sex, reasons for requests 
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for examination, interpretations of examinations, and actions 
taken. 

In the tables, the digital period is split into film and digital 
because the physicians had the choice to view images digi- 
tally, on film, or both. Table 1 shows the various means by 
which the radiologist communicated information about the 
images of MICU patients to the appropriate physicians. In the 
film period, approximately 40% of the time the physicians 
visited the radiology department to (1) see the images, and/ 
or (2) obtain direct consultations with the radiologists, and/or 
(3) read the preliminary interpretation attached to the images 
hanging on the multiviewers in the department. A radiologist 
conducted a daily conference (Monday through Friday) in the 
MICU with the clinicians to discuss the interpretations of 
current films. During the film period, this daily conference was 
used as a means of communication between the radiologist 
and the MICU physician approximately 36% of the time. 
However, when digital images were used, the transmitted 
preliminary report was used more frequently. 

Table 2 details the reductions, categorized by reasons 
examinations were requested, in the interval between com- 
pletion of the examination and actions taken in the MICU 
when digital images were used. The differences are significant 
(p < .05). 

Table 3 shows the same interval, from completion of ex- 
amination to actions taken, but categorized by actions taken 
by MICU physicians. Again, significant reductions occurred in 
the time from completion of examination to actions taken 
when digital images were viewed. 


TABLE 1: Modes of Communication Between Physicians and 
Radiologists 








aisi Film Digital Periods 

Periods Digital Film 

No answer 5.2 13.3 3.4 
Radiology department 39.9 0.6 30.9 
MICU/radiology conference 36.2 1.6 24.5 
Telephone 2.3 1.1 1.9 
Preliminary report/console 16.3 16.5 6.0 





Note.—Numbers are percentages. MICU = medical intensive care unit. 


TABLE 2: Hours Between Completion of Examination and 
Action Taken Categorized According to Reasons for 
Examination 
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TABLE 3: Hours Between Completion of Examination and 
Action Taken Categorized According to Actions Taken in 








the MICU 
Digital Periods 
Film 
Action Taken 

Periods Digital Film 
None-No significant change 44+29 31+22 45+3.0 
Drug therapy 47+28 332+2.1 4323.0 
Additional procedures 43226 234160 4423.1 
Lines/devices 29228 22215 LOALO 
Pleural intervention 8623.2 29219 252423 
Other ST t29 28216 31225 
All actions combined 43229 30+2.1 41430 





Reason Why Examination Film Digital Periods o 
Was Requested Periods Digital Film 

Lines/devices 41 £29 30222 432430 
Pulmonary 44229 S2421 502229 
Cardiac 46228 S121 432429 
Pleural Meteo DOETS 25220 
Other '‘a0He20 CSAteA 6.1229 

All requests combined 43229 312421 4423.0 


LAE ORE en BS SE EE YO Din es ES SS 

Note.—All numbers are means + standard deviations. Intervals greater than 
10 hr were excluded. Decreases in times for digital periods were significant 
(p < .05). 


(epee ~ Se ee 0 eee 

Note.—All numbers are means + standard deviations. Intervals greater than 
10 hr were excluded. Decreases in times for digital periods were significant (p 
< .05). MICU = medical intensive care unit. 


Discussion 


When digital images were used, the MICU physicians relied 
more heavily on the transmitted preliminary report than on 
direct consultation with the radiologist (Table 1). Also, when 
digital images were viewed, a higher percentage of the MICU 
physicians indicated that they did not communicate with a 
radiologist. Whenever available, the preliminary report was 
presented along with the digital images. However, occasion- 
ally the images were viewed before the radiologist’s interpre- 
tation was given. 

Any system that reduces the referring physician's reliance 
on the radiologist’s interpretation may be criticized. This 
article does not resolve the debate over what the radiologist’ s 
interpretation contributes to the patient's care in those cases 
in which the referring physician has a perceived need to see 
the images directly. Clearly, such systems for transmitting 
images will make it more practical for referring physicians 
themselves to view images. Dependence on the radiologist’s 
interpretation probably will correlate well with the quality of 
the radiologist’s consultations. Some radiology departments 
may wish to prevent the transmission of images until after the 
interpretation has been made. This study concentrated on 
the impact of the availability of digital images on the timeliness 
of actions taken by the MICU physicians. 

Whether the statistically significant reductions in time be- 
tween examination and actions taken have a substantial 
impact on a patient’s outcome is not yet known. Certainly an 
argument can be made that repositioning central venous lines 
or detecting pneumothoraces hours earlier may be important. 

In Tables 2 and 3, time intervals that exceeded 10 hr were 
excluded in both the film and digital periods because these 
intervals were considered “outliers” that artificially obscured 
the results. 

Throughout the digital period, the research coordinator 
collected comments and suggestions from the clinicians and 
radiologists on the quality of the images, the user-friendliness 
of the display console, and physicians’ acceptance of the 
system. The MICU physicians appreciated the opportunity to 
see the images and obtain the reports from the computer 
earlier in the day, much before the daily conference. The 
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system was used every day during rounds with the attending 
physicians and interns of the MICU, enhancing discussions 
about patients’ care and serving as an excellent teaching tool. 
The system also was helpful during the weekends and eve- 
nings, decreasing the need to visit the radiology department. 
The effectiveness of the system was especially evident when 
MICU physicians, while viewing digital images, discovered a 
pneumothorax in a patient whose condition had begun to 
deteriorate suddenly. 

Another advantage was that, by using the expert rule- 
based system described earlier, the physicians automatically 
are presented with previous images. This is important if using 
these additional studies really make a difference in a patient’s 
outcome. The physicians found it convenient to be able to 
view and make comparisons with chest films taken at admis- 
sion, for example, after the patient had been in the MICU for 
several days. 

Two frequent complaints were the time required to retrieve 
images from the archive and the amount of manipulation 
required to achieve the desired appearance of the image. A 
few physicians thought that the quality and resolution were 
not sufficient to detect small pneumothoraces or discern early 
infiltrates. 

With regard to spatial resolution, although the image is 
acquired at a 200-um resolution, resulting in a matrix 1684 x 
2048 pixels by 12 bits, we have presented only 512 x 512 
images on the MICU display. Because the MIMS was de- 
signed to operate in a review/comparison mode, we thought 
that it was sufficient to transmit and store a 1024 x 1024 
matrix obtained by subsampling the image. As described 
earlier, the entire image can be viewed in a matrix 512 x 512, 
or any arbitrary quarter can be viewed at the full stored 
resolution. One reason for selection of the 512 x 512 display 
was to test the hypothesis that a lower resolution system 
would be sufficient for review and comparison purposes if the 
true-zoom feature was provided [8]. The equipment for a 
high-resolution system costs considerably more, and the time 
required to transmit a 1684 x 2048 image between nodes is 
approximately 90 sec, which is four times as long as our 
present transmission time, and which we thought was prohib- 
itively long. 

Now that the clinical evaluation of this medium-resolution 
system has been completed, we will introduce a high-resolu- 
tion display station for comparison in the MICU. 

Although the physician's display console has been made 
relatively user-friendly with the specially designed keyboard 
described earlier, the physicans required a long time to be- 
come comfortable with the use of a computer display. Ap- 
proximately 4 weeks elapsed before they used the system 
without the encouragement of the research coordinator. Our 
experience in this project strongly supports the use of rule- 
based systems to simplify the display sequences and settings 
so that minimal interaction is needed between the physicians 
and the system. 

The prototype MIMS described here has all the basic 
components of a full-fledged MIMS. Rapid expansion of the 
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MIMS is expected in the coming year, including teleradiology 
for remote facilities. Additional investigation will concentrate 
on spatial- and contrast-resolution requirements, data 
compression, ACR/NEMA (American College of Radiology/ 
National Equipment Manufacturers’ Assoc.) interface, 
DECRad (Digital Equipment Corporation Radiology Informa- 
tion System) interface [11], and analysis of cost-effectiveness. 

Our clinical experience has shown that such a system can 
hasten transmission of information to health-care providers 
so that actions can be taken earlier. As further information 
becomes available, we intend to evaluate the impact of the 
MIMS on the length of stay both in the MICU and in the 
hospital. 
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Videotape 
Review 





RSNA Today, Vol. 1, No. 3. Oak Brook, IL: The Radiological Society of North America, 1987. $75 


This tape consists of four reviews: “High-Speed Intravascular Drill- 
Assisted Angioplasty”; “Imaging of Stroke”; The magna cum laude 
scientific exhibit of the RSNA meeting of 1986, “Dual-Energy- 
Scanned-Projection Digital Radiography of the Chest”; and a report 
by the American College of Radiology on nonionic contrast media. 
These four topics are presented in a 55-min videotape. Three are 
interviews; the fourth is the presentation of an exhibit by the author. 

“High-Speed Intravascular Drill-Assisted Angioplasty” is an early 
report of a new technology that is undergoing initial clinical evaluation. 
Although the place of this procedure in radiologic practice is not 
defined, the approach does show some promise. “Imaging of Stroke” 
is a round-table discussion by three neuroradiologists. Their sugges- 
tions on the use of contrast material and available imaging techniques 
for stroke patients are well done. The scientific exhibit refers to 5 
years of experience in using dual-energy scanned projection digital 
radiography of the chest. It is an excellent presentation of an exciting 
new imaging technique. The practical applications of this technology 
for the demonstration of soft-tissue masses, analysis of calcium within 


a mass, and evaluation of osteoporosis are covered concisely and 
clearly. The final presentation is a report by Harry Fisher from the 
American College of Radiology on the use of the new low-osmolality 
contrast media. The advantages and disadvantages of these agents 
are reviewed. Because these agents are so expensive, indications 
for restricted use in high-risk patients are suggested. 

The use of videotapes is an efficient, rapid means for the dispersal 
of important information. The presentations on this tape are particu- 
larly effective. It will be particularly valuable to radiology residents 
and to radiologists in active practice who want to keep up with the 
latest developments in radiology. Advertisements are included on the 
tapes. This is not mentioned as a criticism; medical journals also use 
advertisements to defray costs. 


Jack |. Eisenman 
King/Drew Medical Center 
Los Angeles, CA 90059 
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The influence of (1) calcium concentration, (2) exposure technique, (3) reconstruction 
algorithm, (4) nodule size, and (5) nodule location on the CT attenuation values (CT 
density) of pulmonary nodules was examined in a frozen human thorax. Nodules with 
calcium concentrations of 0-310 mg/ml and diameters of either 0.95 or 1.59 cm were 
inserted into a frozen, unembalmed human thorax. The nodules were placed either at 
the lung apex or 4 cm below the tracheal carina. Each nodule was scanned on a GE CT 
9800 scanner; five different exposure techniques were used. The slice thickness was 
uniformly 1.5 mm. As expected, increasing the kilovoltage caused a significant decrease 
in CT nodule density in all nodules with calcium concentrations greater than 80 mg/ml. 
The inverse relationship between kilovoltage and nodule density was exaggerated with 
increasing calcium concentration. A high-resolution (bone) algorithm gave a significantly 
higher CT number than did a smoothed (standard) algorithm, regardless of nodule size 
and location, but this difference could be attributed almost entirely to the edge- 
enhancement effect of the bone algorithm. The CT density of the larger nodules was 
significantly higher than that of the smaller nodules at calcium concentrations greater 
than 65 mg/ml for both standard and bone algorithms. Densities were significantly 
higher in the mid lung than in the apex with a standard algorithm, but this was not the 
case with a bone algorithm. The GE CT 9800 scanner had a linear response between 
CT density and increasing calcium concentration within the confines of a human thorax. 
A high-resolution (bone) reconstruction algorithm has higher spatial resolution but does 
show an edge-enhancing effect not found with the smoothed algorithm. 

Two major variables in CT densitometry for pulmonary nodules are the kilo electron 
voltage of the X-ray beam and the reconstruction algorithm used; these two parameters 
should be standardized, with a high kilovoltage and high-resolution algorithm favored 
on the GE CT 9800 scanner. 


CT densitometry of pulmonary nodules is based on the assumption that the 
presence of calcification in pulmonary nodules is a strong indicator of benicnity 
[1]. CT can detect more accurately lower concentrations of calcium in lung nodules 
than can chest radiographs or conventional tomograms [2]. Since the initial studies 
by Siegelman et al. [3] in which benign nodules were differentiated from malignant 
nodules by using the Pfizer AS&E scanner and a threshold value of 164 H, other 
studies have shown variable reproducibility of this result [4, 5]. These variations 
have been attributed to scanner-related factors as well as to subject-related factors, 
including the size of the patient, the intrathoracic position of the nodule, and the 
presence of surrounding organs within the plane of scanning [6-10]. The effects 
of those factors on CT nodule densitometry have been studied previously ony in 
artificial phantoms that simulate the human thorax. Although the newer CT scanners 
are better equipped to perform quantitative nodule densitometry, their capabilities 


within the thorax have not been tested. Using a GE CT 9800 scanner, we evaluated 
the effects of calcium concentration, exposure technique, reconstruction algorithm, 


nodule size, and nodule location on the CT attenuation values (CT density) of 
nodules in a frozen human thorax. 
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Materials and Methods 


A frozen, unembalmed human thorax, prepared according to the 
method described by Littleton et al. [11] and Niklason et al. [12], was 
used to approximate a realistic radiation environment as closely as 
possible. The thorax was bivalved along a coronal plane, and hemi- 
spheric excavations (1 and 1.5 cm in diameter) were cut in the frozen 
lung surface without compressing adjacent lung tissue. When the 
two halves of the thorax were brought together, the two hemispheric 
excavations produced a spherical hole of the same diameter (Fig. 1). 
Nodules were prepared by mixing calcium hydroxide powder, 
Ca(OH), in molten paraffin and setting them in hemispheric molds. 
Two hemispheres were opposed to make a nodule. Nodules with 
seven different calcium concentrations (0, 37.7, 65.4, 89.5, 143, 214, 
310 mg/ml) and two different diameters (0.95 and 1.59 cm) were 
inserted into the appropriate lung cavities for CT scanning. 

The influence of the nodule’s position on CT density was studied 
by scanning the 0.95-cm nodules at a level 3 cm above the aortic 
arch and 4 cm below the tracheal carina. The influence of the size of 
the nodule on CT density was studied by scanning the 0.95- and 
1.59-cm nodules in the mid-lung field. Each nodule, regardless of its 
size or position, was scanned with five different exposure techniques: 
(1) 140 kVp/210 mAs; (2) 120 kVp/300 mAs; (3) 80 kVp/720 mAs; 
(4) 120 kVp/420 mAs; and (5) 120 kVp/510 mAs. The first three 
techniques produce similar photon fluxes. Slice thickness was 1.5 
mm, and a 47.5-cm (large) calibration file was used to include the 
whole phantom. The scanner was a GE CT 9800 that was precisely 
calibrated monthly. The GE CT 9800 scanner software used was 
version “QC.” Each image was reconstructed with both a smoothed 
(standard) algorithm and a high-resolution (bone) algorithm. With the 
smoothed algorithm, image reconstruction was done with a 34.5-cm 
field of view and a 512 x 512 matrix, giving a pixel size of 0.67 mm. 
When the high-resolution algorithm was used, images were con- 
structed on a 320 x 320 matrix with a 0.67-mm pixel (21.25-cm field 
of view) for comparison with the standard reconstruction and with a 
0.25-mm pixel (8.0-cm field of view) to obtain maximal resolution. 

The central scan from each nodule was selected for analysis. The 
pixel map of each slice was printed out. The CT density of each 
nodule was calculated as the mean of the highest contiguous pixels 
that constituted 10% of the nodule’s surface area. The margin of the 





Fig. 1.—CT scan of frozen cadaveric thorax in prone 
position. 1.59-cm nodule is placed in excavated portion 
of lung. Notice bivalved thorax sectioned horizontally. 
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nodule was defined by those pixels with a CT number that was more 
than —530 H (the median value between lung density and the density 
of a nodule that does not contain calcium). 

The statistical analysis employed were two- and three-way be- 
tween subject analysis of variance. Specific comparisons were per- 
formed by using the Tukey A test. 


Results 


Many of the variables demonstrated significant interactions. 
However, for convenience, each variable is described sepa- 
rately. 


Calcium Concentration 


The effect of calcium concentration on CT density was 
significant (o < .0001). Increasing nodule calcium concentra- 
tion resulted in a linear increase in CT density, regardless of 
exposure technique, reconstruction algorithm, nodule size, or 
nodule location (Fig. 2). Theoretically, this relationship is not 
truly linear, because the paraffin concentration decreases with 
increasing Ca(OH). However, at 140 kVp, the rise in the CT 
number of large nodules (in the mid lung) that is due to this 
effect is from —100 to —75 H or 25 H. In total, the CT number 
rises from —100 to 838 H for 0-310 mg/ml calcium, so the 
25-H change due to this effect represents an error of 2.5% in 
the slope of the calcium vs CT number line. The deviation 
from linearity is even less (about 0.5%). Representative values 
of CT number as a function of calcium concentration for the 
three kilovoltages are given in Table 1. 


Exposure Technique 


The CT number of all nodules containing calcium increased 
with decreasing kilovoltage, as anticipated. Because the nod- 
ules were made with paraffin as a base, the CT number of 
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Fig. 2.—Graph of CT density vs calcium concentration using 1.59-cm 
nodule in mid lung. 

Different exposure techniques and reconstruction algorithms give sta- 
tistically different results. CT density increases linearly with increasing 
calcium concentrations for both technique 1 (140 kVp/210 mAs) and 
technique 3 (80 kVp/720 mAs). Density difference between two techniques 
increases with increasing calcium concentration. CT number with bone 
algorithm is higher than standard algorithm for both exposure techniques. 
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PULMONARY NODULES 


TABLE 1: CT Density (H) of Large Nodules in Mid Lung at Three Kilovoltage Levels 


Calcium 140 kVp/210 mAs 120 kVp/300 mAs 80 kVp/720 mAs 
Concentration Standard Bone Standard Bone Standard Bone 

(mg/ml) (Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD) 

0 —100+ 2 —84 +17 —98 + 14 —80 + 14 —112+ 2 —97 +15 

37.7 26+ 4 34 + 14 36+ 2 43+ 16 62+ 2 78+ 18 

65.4 92+ 4 175.2 34 103+ 4 126+ 13 149+ 5 181+ 19 

89.5 168+ 9 184+ 14 190 + 14 207 + 24 265 + 15 279 + 24 

143 317 + 14 337 + 21 345 + 19 362 + 28 464 + 24 489 + 34 

214 491+ 6 518 + 16 530+ 8 560 + 19 704+ 8 741 + 23 

310 838 + 34 868 + 52 900 + 35 935 + 55 1188 + 50 1230 + 76 








Note.—SD = standard deviation. 


the 0 mg/ml nodule decreased with decreasing kilovoltage. 
This effect is due to the lower effective atomic number of 
paraffin as compared with water (approximately 5.5 vs 7.4) 
and simulates the effect of a nodule containing fat. However, 
the CT number decreased only about 12 H as kilovoltage 
cnanged from 140 to 80 kVp, a small value compared with 
the increase found in the calcium-containing nodules, and did 
not statistically improve the correlation between nodule cal- 
cium concentration and CT number. Table 1 gives the results 
of CT number vs nodule calcium for the three kilovoltage 
values tested. We could find no difference in CT number for 
the three different exposure settings (300, 420, 510 mAs) 
when kilovoltage was held constant at 120. 


Reconstruction Algorithm 


The high-resolution (bone) reconstruction algorithm showed 
a significantly higher nodule density than did the standard 
a gorithm at all calcium concentrations for all exposure tech- 
niques, for both nodule sizes, and at both locations (p < .05). 
The CT density measured with the bone algorithm was 8-54 
H higher than that measured with the standard algorithm. 

Figure 3 illustrates the density across the nodule for both 
reconstruction algorithms. The bone algorithm shows a higher 
mean CT density. However, in the center of the nodule, the 
bone algorithm shows a higher CT number of only 3 H. The 
edge-enhancing effect for the bone algorithm is about 25 H 
(or approximately 3%) at a mean CT density of 130 H. For 
the standard algorithm, the mean density is less and there is 
no edge-enhancing effect. 

The difference in density measured with the two algorithms 
increased significantly with increasing calcium concentration, 
except for the small nodule in the mid lung. For the large 
nodule in the mid lung, the CT density difference between the 
two algorithms at 0 mg/ml calcium concentration was 16 H 
and progressively increased to 36 H at a calcium concentra- 
tion of 310 mg/ml (Fig. 2). 


Nodule Position 


Nodule CT densities in the mid lung were significantly higher 
than those at the lung apex when reconstructed with the 
Standard algorithm (F[1, 360] = 7.568, p < .01) (Fig. 4). 
However, the differences were only 10-23 H and were not 


systematic. The bone algorithm likewise showed small density 
differences, with the density in the mid lung generally being 
higher than that at the apex. These differences in density 
were not statistically significant, and they decreased with 
increasing calcium concentrations for both reconstruction al- 
gorithms. 

With the standard algorithm, the nodule with a calcium 
concentration of 37.7 mg/ml was 23 H higher in the mid lung 
than at the apex. The nodule with a concentration of 214 mg/ 
ml showed only a 10-H difference between the two sites. 
Similarly, with the bone algorithm, the positional differences 
were only 4-30 H. 


Nodule Size 


A significant difference was seen between the CT densities 
of the small and large nodules for both the standard algorithm 
(F[1, 1176] = 684.3, p < .0001) (Fig. 5) and bone algorithm 
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Fig. 3.—CT density plots across 0.95-cm nodule with an 89.5-mg/ml 
calcium concentration scanned at lung apex by using 120 kVp/300 mAs 
(pixel size, 0.67 mm). 

Mean density of bone algorithm is higher than that of standard algorithm. 
CT numbers at edge of nodule are higher and transition to lung density is 
steeper with bone algorithm. 
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Fig. 4.—Graph of CT density vs calcium concentration using 0.95-cm 
nodule reconstructed with standard algorithm. Density of nodule in mid 
lung is higher than when at apex, except calcium concentration of 89.5 
mg/ml (thought to be a rogue point). 
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Fig. 5.—Graph of CT density vs calcium concentration for 1.59-cm 
(large) and 0.95-cm (small) nodules in mid lung reconstructed with standard 
algorithm. Density of large nodule is statistically higher than that of small 
nodule when calcium concentration is greater than 65.4 mg/ml. 


(F[1, 1176] = 169.4, p < .0001). The larger nodule had a 
significantly higher CT density than the smaller nodule when 
it contained a calcium concentration greater than 89.5 mg/ml 
(p < .05). The difference in the CT density of the two nodules 
increased steadily with increasing calcium concentration 
greater than 89.5 mg/ml. The two nodules remained signifi- 
cantly different for both reconstruction algorithms (p < .0001). 
For instance, with the standard algorithm, the density of the 
large nodule was only 1 H higher than that of the small nodule 
at a calcium concentration of 65.4 mg/ml, whereas at a 
concentration of 310 mg/ml, the density of the large nodule 
was 86 H higher than that of the small one. 


Pixel Size 


The difference in density between the two pixel sizes (0.25 
and 0.67 mm, reconstructed with the bone algorithm) ranged 
from 0 to 3 H with the small nodules in the mid lung, which 
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was not statistically significant. A similar result was obtained 
with the large nodules in the mid lung and with the small 
nodules at the lung apex. 


Discussion 


More than half (54%) of all resected solitary pulmonary 
nodules are benign granulomas [13]. An invasive diagnostic 
workup such as needle aspiration or exploratory thoracotomy 
could be avoided if there were sound criteria for establishing 
benignity by using a noninvasive method. It has been shown 
that CT nodule densitometry can be used to make this 
determination [3, 14-16]. However, scanner-related as well 
as subject-related sources of CT density variability have made 
it difficult to establish specific CT criteria for benignity. Never- 
theless, CT nodule densitometry is used clinically in many 
centers, although its use has not become standard practice 
[14]. 

X-ray attenuation in the CT energy range is a combination 
of Compton scatter and photoelectric absorption [17]. As 
calcium concentration increases, both the mass density and 
the photoelectric absorption within the nodule increase, re- 
sulting in a linear increase in the attenuation values. Zerhouni 
et al. [8] found that the GE 8800 scanner did not show system 
linearity. The nonlinearity was attributed to positional varia- 
tions in CT attenuation. We have shown that the GE CT 9800 
scanner has an excellent linear response of CT density with 
increasing calcium concentration, regardless of nodule posi- 
tion, size, or the technique used. 

Of the scanner-related factors that would vary the CT 
density of nodules, kilovoltage showed the most pronounced 
effect on CT density. As kilovoltage decreases, both Compton 
scatter and photoelectric absorption increase, resulting in an 
increase in CT density values [18]. The inverse relationship 
between kilovoltage and CT density is augmented by increas- 
ing calcium concentrations, producing the diverging plots 
seen in Figure 2. This calcium-concentration-related diver- 
gence in CT density, when the kilovoltage changes, is attrib- 
uted to the cubic relationship between photoelectric effect 
and the atomic number of calcium. 

Scanning an object with CT initially provides X-ray intensity 
measurements, known as raw data. From these raw data the 
CT numbers are derived as the “processed data” and are 
depicted pictorially after the reconstruction process [19]. Cur- 
rent CT scanners use a filtered-back projection method of 
image reconstruction [20]. 

The convolution filter of all current CT scanners is optimized 
for best visualization of the object of interest. Convolution of 
more adjacent projections improves the signal-to-noise ratio 
and thus the contrast resolution in a large region of interest, 
but this can only occur at the expense of spatial resolution. 
With smoothed algorithms, the convolution extends to more 
adjacent projections than it does with high-resolution algo- 
rithms. The net effect of smoothed algorithms is higher con- 
trast but lower spatial resolution; the reverse is true with high- 
resolution (e.g., bone) algorithms [19]. 

When density differences are small, such as in nodules 
within a tissue phantom, a measurable CT density difference 
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between algorithms is not found. However, with lung nodules 
surrounded by air, the mean density and the density distri- 
bution within the nodule vary with the reconstruction algorithm 
[3]. 

With a high-resolution algorithm, the CT density at the edge 
of a pulmonary nodule could be overestimated, while the CT 
values of the surrounding lung would be underestimated. This 
“overshoot-undershoot” artifact is known to produce a varia- 
ton equal to approximately 9% of the difference in the density 
between the adjacent tissues at the edge of a lung mass 
[21]. We found that there was approximately a 2-3% over- 
shoot at the edge of nodules that contain high concentrations 
of calcium. With a Pfizer AS&E scanner, CT density increased 
as the diameter of an object in air decreased, when a high- 
resolution reconstruction algorithm was used [8]. However, 
with a smoothed algorithm, the CT density increased as the 
diameter of the object increased. The discrepancy between 
the two algorithms can be attributed to an overshoot effect 
with high-resolution algorithms that is augmented as the size 
of the object decreases. In the present study, the GE CT 
9800 scanner showed higher CT density with the larger 
nodule for both the smoothed algorithm and the high-resolu- 
tion algorithm. We can conclude that the edge-overshoot 
effect of the high-resolution algorithm on the GE CT 9800 
scanner has been diminished to such an extent that nodule 
densitometry will be markedly improved. Our results also 
showed that density was 10-40 H higher with the high- 
resolution algorithm than with the smoothed algorithm, re- 
gardiess of calcium concentration, nodule size, or nodule 
location. This difference is attributable mainly to the inherent 
characteristics of the high-resolution algorithm, including less 
volume averaging at the edges owing to reduced convolution 
of neighboring projections (Kernel effect) [19] and some edge 
enhancement (overshoot) [8]. Since the 10% highest contig- 
uous pixels were selected for the mean CT density, an 
algorithm with higher spatial resolution will better define small, 
high-density objects, effectively raising the CT density of any 
inhomogeneous structure. In addition, the greater amount of 
noise (pixel standard deviation) in the high-resolution image 
increased the mean CT number of the highest 10% pixels by 
6 H with the exposure techniques we used. 

CT numbers of the mid-lung nodules are higher than those 
of the apex nodules because of a beam-hardening effect 
[22]. The chest wall at the lung apex contains thicker bones 
and muscles than does the mid lung, causing an increased 
beam-hardening effect at the lung apex. This results in a 
lowering of the attenuation valve of apex nodules. Moderate 
positional variations in the CT density of a reference phantom, 
similar to those found in the present study, were found by de 
Geer et al. [10]. 

The specific results in this study and the specific CT num- 
bers are only applicable to the GE CT 9800 scanner. The 
general principles apply to many scanners. However, the 
differences that exist between types of scanners are signifi- 
cant enough that these data still cannot be generalized. 

The major variability in CT pulmonary nodule densitometry 
occurs because of changes in kilovoltage and reconstruction 
algorithms. Both of these factors are readily standardized for 
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any given scanner model. Cross-calibration between scanners 
is feasible for quantitative CT [23]. In this study, the measured 
CT density as a function of calcium concentration was more 
linear at the high kilovoltage than at the low kilovoltage, 
possibly because of reduced statistical noise in the data, thus 
favoring the use of high kilovoltage for accurate calcium 
measurement. On the other hand, the low kilovoltage gave 
better sensitivity for low concentrations of calcium, and thus 
the choice of kilovoltage will be dictated by the choice be- 
tween sensitivity and accuracy. The high-resolution algorithm 
as used in this study leads to no penalty in quantitative results, 
at least for nodules as small as 1 cm in diameter, and may 
provide better sensitivity to calcium in nodules that are inho- 
mogeneous. 

The variability caused by other scanner-related technical 
factors and positional differences may be statistically signifi- 
cant but probably is not enough to be clinically important. 
Research still must be done to determine which calcium 
concentration within a pulmonary nodule indicates that malig- 
nancy is unlikely and then to find the corresponding CT 
number for diagnostic use. The minimal detectable and quan- 
tifiable amount of calcium within a pulmonary nodule is about 
10 mg/ml [17], almost four times less than the least amount 
used in the present studies. Sufficient calcium to produce 
visible density on thin-section CT is considerably more than 
40 mg/ml and has a CT number above 200 H 
[15]. Those pulmonary nodules with a representative CT 
number below 200 H, and that are not overtly calcified on CT, 
remain a problem. The ability to discriminate between benign 
and malignant nodules on the basis of CT numbers below 
200 H should not be related to variations in scanner perform- 
ance. 

At present, we advocate nodule densitometry by using high 
kilovoltage and amperage, a high-resolution reconstruction 
algorithm, and 1- to 1.5-mm-thick sections. Nodules that are 
well circumscribed, less than 2 cm in diameter, and overtly 
calcified, or that have a representative CT number of over 
150 H (approximately 70 mg/ml of calcium), are followed with 
the presumption that they are benign. The nodules measuring 
between 150 and 200 H should be given special attention. 
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Obstructive Sleep Apnea 
Syndrome: Preoperative Radiologic 
Evaluation 





The purpose of this study was to determine whether lateral radiographs of the pharynx 
and fluoroscopy of the lateral pharynx in the sleeping patient could be used as predictors 
of surgical success in patients undergoing soft-palate surgery for obstructive sleep 
apnea. A total of 12 patients had surgery after radiologic evaluation. There were six 
surgical successes and six failures. No successes occurred in patients with a soft- 
palate length of less than 46 mm, nor were there any successes among patients whose 
initial point of obstruction on fluoroscopy was inferior to the level of the soft palate. 
There was one surgical failure among patients in whom fluoroscopy showed upper 
airway obstruction beginning at the level of the soft palate during sleep. 

Results suggest that a patient is most likely to benefit from soft-palate resection if 
the soft palate is long—we conservatively suggest greater than 40 mm—and if sleep 
fluoroscopy of the lateral pharynx shows airway obstruction beginning at the level of 
the soft palate. 


In obstructive sleep apnea, the patient experiences a mechanical airway obstruc- 
tion caused by partial or total collapse of upper airway structures during sleep [1]. 
Obstructive sleep apnea can result in pulmonary hypertension, cor pulmonale, and 
sudden death. Palatopharyngoplasty, which involves a partial resection of pharyn- 
geal and palatal soft tissue, is the most commonly used surgical treatment for 
obstructive sleep apnea [2, 3]. 

Unscreened patients with obstructive sleep apnea show measurable improve- 
ment after palatopharyngoplasty in approximately 50% of cases [4]. Radiographic 
and fluoroscopic imaging techniques have been used in an attempt to predict which 
patients are most likely to benefit from surgical intervention [5-7]. CT has been 
used to show airway narrowing [8, 9], but correlation with surgical results has not 
been reported. 

This study was conducted to determine whether preoperative lateral radiographs 
of the pharynx and fluoroscopy of the lateral pharynx in the sleeping patient 
(somnofluoroscopy) could be used together to predict which patients are most 
likely to have a successful outcome after palatopharyngoplasty. 


Materials and Methods 


Twelve patients who had documented obstructive sleep apnea and who subsequently 
underwent palatopharyngoplasty were evaluated. The diagnosis of obstructive sleep apnea 
syndrome was made after all-night polysomnography in which respiration, nasal and oral 
airflow, and oxyhemoglobin saturation were measured while the patient was sleeping. Apnea 
and hypopnea were defined as complete or partial cessation of airflow at the nose and mouth 
lasting more than 10 sec. A diagnosis of obstructive sleep apnea was made if the patient 
exhibited clinical symptoms (e.g., snoring and excessive daytime sleepiness) and had more 
than five episodes of obstructive apnea or hypopnea per hour of sleep. 

Lateral radiographs of the pharynx and fluoroscopy of the pharynx during sleep were 
attempted in all 12 patients. The radiographs were performed according to standardized 
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techniques described by Riley and others [5, 6]. The radiographs 
were obtained in the left lateral position with a film-tube distance of 
60 in. (150 cm) and with the patient seated. In some cases, the 
patient was given a swallow of barium before the radiograph to better 
define the margins of the soft palate. The soft-palate length was the 
only measurement made in this study; it was measured in millimeters 
from the most posterior aspect of the hard palate (the posterior nasal 
spine) to the tip of the soft palate (Fig. 1). 

A portable C-arm fluoroscopic unit was used to perform somno- 
fluoroscopy. Patients were placed in the supine position on a padded 
fluoroscopic table, and the fluoroscopic unit was positioned so that 
the field of view included the most posterior aspect of the hard palate, 
the soft palate in its entirety, and the hyoid bone. This field of view 
was obtainable in all patients. A videocassette recorder was used to 
record fluoroscopy. All of the somnofluoroscopic studies were sched- 
uled for late afternoon to increase the likelihood that the patient would 
be able to fall asleep. 

After the patient was positioned, the room lights were dimmed and 
the patient was allowed to fall asleep. The procedure was monitored 
by a radiologic technologist who summoned the radiologist at the 
onset of sleep, noisy breathing, or snoring. No sedatives were used 
to help induce sleep. Nine of the 12 patients were able to sleep during 
the examination despite the novel surroundings and the need to 
remain supine throughout the study. By listening to the sounds of 
the patient's respiration, the radiologist could time the fluoroscopy to 
coincide with periods of apnea. Fluoroscopy time was held to under 
5 min in all cases and most typically to less than 3 min. 

A radiologist documented the level of obstruction seen on the 
videotape of the somnofluoroscopy and classified it into one of three 
categories (Fig. 2): obstruction at the soft-palate level only (type 1); 
obstruction at the level of the soft palate initially, followed by closure 
of the more distal airway (type 2); or airway collapse distal to the soft 
palate or simultaneous total airway closure (type 3). 

The patients in the study were tested again with all-night polysom- 
nography after surgery. Patients were considered a surgical success 
if the number of apneas plus hypopneas per hour of sleep was 
reduced by 50% or more as compared with their initial sleep study, 
or if the total number of apneas plus hypopneas fell to within normal 
limits (i.e., five or less per hour of sleep). 


Results 


A total of 12 patients with documented obstructive sleep 
apnea underwent palatopharyngoplasty and follow-up sleep 
evaluations. Six of these 12 patients were surgical failures 
and showed little or no improvement in the numbers of 
nocturnal apneas and hypopneas. Six patients were surgical 
SUCCESSES. 

There were no successes in patients with a soft-palate 
length of less than 46 mm, and there were no successes in 
patients with a type-3 obstruction on somnofluoroscopy. All 
six successes had soft palates measuring 46 mm or more in 
length and a type-1 or type-2 obstruction. One patient who 
had a soft palate measuring 50 mm in length and a type-1 
obstruction on somnofluoroscopy was a surgical failure. 

Because of scheduling restrictions, only one attempt was 
made at somnofluoroscopy. Three patients were unable to 
fall asleep during the examination. One of these three patients 
had a soft-palate length of 66 mm and was a surgical success. 
The two other patients had palate lengths of 34 and 36 mm, 
respectively, and were surgical failures. These patients have 
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Fig. 1.—Lateral radiograph 
of pharynx shows measure- 
ment of soft-palate length. 
Open arrow indicates poste- 
™% rior tip of hard palate. White 
arrow indicates tip of soft pal- 
ate. Arrowheads outline mar- 
gins of soft palate. 
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Fig. 2.—A, Type-1 airway obstruction. Obstruction occurs at level of 
soft palate only during somnofluoroscopy. 

B, Type-2 airway obstruction. Obstruction occurs initially at level of soft 
palate followed by closure of more distal airway. 

C, Type-3 airway obstruction. Obstruction initially occurs distal to soft 
palate. Airway at soft palate level may close or remain open. 


been included in this report because they underwent the basic 
screening test of soft-palate length measurement. 


Discussion 


Palatopharyngoplasty results in objective improvement in 
approximately 50% of patients with documented obstructive 
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sleep apnea who otherwise have not been screened [4]. The 
purpose of this retrospective study was to evaluate a method 
of preoperative screening by using two easily observed vari- 
ebles: soft-palate length and site of initial airway obstruction. 

Riley et al. [5] have analyzed the lateral radiograph of the 
pharynx in patients with obstructive sleep apnea. In one 
publication, they compared measurements of the soft-palate 
length, the width of the posterior airway space (posterior 
pharynx to base of tongue), and the position of the hyoid 
bone in patients with obstructive sleep apnea and in control 
subjects. They found that among patients without clinically 
evident mandibular abnormality, the soft-palate length was 
significantly longer in obstructive sleep apnea patients than in 
control subjects (mean, 47 vs 37 mm). The width of the 
posterior airway space was similar in both obstructive sleep 
apnea patients and control subjects. The position of the hyoid 
bone with respect to the mandible was considered to be 
normal in half of the patients and lower than normal in the 
other half. No correlation between soft-palate length and 
surgical success was available. 

In a subsequent study, Riley and coworkers [6] described 
six patients who underwent palatopharyngoplasty for ob- 
structive sleep apnea, four of whom did not improve after 
surgery. In these four patients, the hyoid bone was abnormally 
low, suggesting an anatomic abnormality at the base of the 
tongue, leading to airway obstruction inferior to the level of 
the soft palate and possibly independent of the soft tissues 
that would be removed at palatopharyngoplasty. No mention 
was made of soft-palate length in this study. 

The studies by Riley and coworkers [5, 6] suggest that a 
long soft palate is associated with obstructive sleep apnea 
and that palatopharyngoplasty failure may be related to clo- 
sure of the airway inferior to the level of the soft palate in 
some patients. 

Katsantonis and Walsh [7] evaluated the use of fluoroscopy 
of the lateral pharynx during sleep for selecting candidates 
for palatopharyngoplasty. They studied 26 consecutive pa- 
tients with documented obstructive sleep apnea who under- 
went palatopharyngoplasty. They characterized the level of 
initial and final obstruction as being either above or below a 
line drawn through the middle of the C2 vertebral body. 
Patients with an initial point of obstruction above this line had 
good surgical results in 10 (67%) of 15 cases. Only one of 11 
patients with initial obstruction below C2 improved with sur- 
gery. Whether or not the airway collapsed distally after initial 
obstruction above C2 was found not to be significant. 

Airway obstruction generally occurs over a broad area, and 
determination of the exact point of initial airway obstruction 
with respect to C2 is often uncertain and variable for a given 
patient. The location of initial obstruction with respect to the 
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soft palate is much easier to observe and is more consistent. 
It also seems less artificial, since the surgical resection in- 
cludes the soft palate. Therefore, this is the landmark that we 
chose to use. 

On the basis of our early findings, we would propose that 
the initial radiologic screening procedure in patients with 
obstructive sleep apnea should be a lateral radiograph of the 
pharynx. We would conservatively suggest that patients hav- 
ing soft palates of 40 mm or less in length are not likely to 
benefit from palate surgery. This value was chosen because 
of the small population studied, the variability in the measure- 
ment process, and the necessity to be conservative until more 
data are available. If the soft palate is longer than 40 mm, 
somnofluoroscopy should be performed to evaluate the lo- 
cation of the obstructive process. Patients with type-1 or 
type-2 obstructions are likely to benefit from palatoplasty, 
whereas those with type-3 obstructions are unlikely to im- 
prove. The decision to proceed with surgery should be based 
on soft-palate length alone if somnofluoroscopy is not suc- 
cessful. 

This study involved a small number of patients, and the 
findings obviously represent a preliminary correlation of sur- 
gical and radiologic results. Although further study is neces- 
sary, we believe that the probability for successful palato- 
pharyngoplasty procedures for obstructive sleep apnea would 
improve with the radiologic approach that we describe. 
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Postbiopsy Pneumothorax: 
Estimating the Risk by Chest 
Radiography and Pulmonary 
Function Tests 





Pulmonary function tests and chest radiographs of 160 patients who had had percu- 
taneous needle biopsy of lung lesions were reviewed to determine the value of these 
examinations in estimating the risk of postbiopsy pneumothorax. Chest radiographs 
were evaluated subjectively for changes of obstructive and restrictive airway disease 
and for size and depth of lesion. Pulmonary function tests, consisting of simple spirom- 
etry (forced vital capacity, percentage of predicted forced vital capacity, forced expira- 
tory volume in 1 sec, percentage of predicted forced expiratory volume in 1 sec, and 
[forced expiratory in 1 sec/forced vital capacity] x 100), and the pulmonologist’s 
interpretation were evaluated. Pneumothorax developed in 46% (31/67) of patients who 
had obstructive airway disease according to the results of pulmonary function tests and 
in 42% (34/81) of those who had obstructive airway disease according to changes on 
chest radiographs, compared with 19% (10/53) and 25% (17/67) of those who had 
normal pulmonary function tests and chest radiographs, respectively. Pneumothorax 
developed in 46% (23/50) of patients who had findings of obstructive airway disease 
on both pulmonary function tests and on chest radiographs, compared with 7% (2/28) 
of patients who were classified as normal by both criteria. None of the patients who had 
normal pulmonary function tests required placement of a chest tube, whereas 19% (13/ 
67) of those who had obstructive airway disease required chest tubes. Decreasing size 
of lesion and increasing depth of lesion were associated with a significant increase in 
the risk of pneumothorax. 

We conclude that the results of chest radiographs and pulmonary function tests are 
useful parameters for estimating the risk of postbiopsy pneumothorax. 


Radiographically guided percutaneous needle biopsy of lung lesions is an ac- 
cepted, safe, and reliable means of obtaining pulmonary tissue for pathologic 
examination. Several authors [1-3] have shown greater than 90% accuracy in the 
diagnosis of malignant disease, and the accuracy of diagnosis of benign disease 
exceeds 80%. 

Significant complications from the procedure are rare, except for the development 
of pneumothorax, which occurs in 13-40% of cases [1-10]. Previous reports have 
associated numerous factors with the development of pneumothorax. These in- 
cluded size of biopsy needle, number of needle passes, cooperation of the patient, 
size and depth of lesion, and age and sex of the patient [1, 4, 5, 9, 10]. In addition, 
obstructive airway disease (diagnosed by evaluation of chest radiograph) has been 
associated with a higher rate of pneumothorax [9, 10]. 

We retrospectively reviewed the pulmonary function tests and chest radiographs 
of 160 patients who had undergone percutaneous needle biopsy of lung lesions to 
determine if the results of these procedures could enhance our ability to estimate 
a patient’s risk for the development of pneumothorax after biopsy. 


Materials and Methods 


The medical records of 458 patients who had had percutaneous lung biopsy at our 
institution between 1980 and 1985 were reviewed. All patients who had had pulmonary 
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function testing within 1 year of their percutaneous needle biopsies 
were included in the study group. We included those tested more 
than 1 year before biopsy only if their tests were interpreted to show 
severe obstructive or severe restrictive airway disease. Patients 
tested more than 1 year after biopsy were included only if they had 
normal pulmonary functions. Age was not a criteria for inclusion in 
the study. 

Pulmonary function tests included forced expiratory volume in 1 
sec, percentage of predicted forced expiratory volume in 1 sec, forced 
vital capacity, percentage of predicted forced vital capacity, and 
(forced expiratory volume in 1 sec/forced vital capacity) x 100. The 
results were reviewed and interpreted by using established criteria: 
Obstructive disease was defined as either forced expiratory volume 
in 1 sec or forced vital capacity less than 70% of predicted, with 
forced expiratory volume in 1 sec/forced vital capacity less than 70%. 
Restrictive disease was defined as forced vital capacity less than 
70% of predicted, with forced expiratory volume in 1 sec/forced vital 
capacity greater than 70%. Findings were considered normal if all 
parameters were >70% of predicted values. 

Posteroanterior and left lateral chest radiographs made within 1 
week before percutaneous needle biopsy were reviewed independ- 
ently by three radiologists who had no knowledge of the results of 
pulmonary function tests or of which patients had sustained a pneu- 
mothorax. Patients were placed into one of three groups according 
to the following subjective criteria: (1) obstructive lung disease, 
defined as evidence of hyperinflation (i.e., increased retrosternal air 
space, flattened hemidiaphragms and paucity of vascular markings) 
or bullae; (2) restrictive disease, defined as decreased lung volume 
with increased interstitial markings; and (3) normal, defined as no 
evidence of obstructive or restrictive airway disease. Classification 
depended on agreement of two of three radiologists. 

Size and depth of lesion from the chest wall and number of needle 
passes were recorded also. Frontal expiratory chest radiographs 
obtained immediately after biopsy and all chest radiographs obtained 
over the next 48 hr after biopsy were reviewed for the presence of 
pneumothorax. 

Biopsies were performed and supervised by a staff radiologist and 
by numerous residents in radiology who had variable levels of expe- 
rience. A 22-gauge Chiba needle was used as previously described 


[2]. 


Results 


The study group included 129 men and 31 women (age 
range, 21-84 years; mean, 61). One hundred five patients 
had uncomplicated biopsies, whereas pneumothorax devel- 
oped in 55 (34%). Of those with pneumothorax, 17 (11% of 
total population) required placement of a chest tube because 
of progressive shortness of breath and/or enlarging pneu- 
mothorax. All pneumothoraces resolved without further com- 
plication. 

Size of lesion ranged from 0.6 to 12 cm (average, 3.1 cm); 
lesions were slightly smaller in patients who had pneumotho- 
rax (p < .05). Depth ranged from 1 to 10 cm; lesions were 
significantly deeper in patients who had pneumothorax (p < 
.01) (Table 1). 

No significant differences were found between groups for 
age, sex, or the number of needle passes (Tables 1 and 2). 

Decreased forced expiratory volume in 1 sec and (forced 
expiratory volume in 1 sec/forced vital capacity) x 100 were 
associated with an increased frequency of pneumothorax, 
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TABLE 1: Risk Factors for Pheumothorax 


No p 

Parameter Bisina Pneumothorax TH 
Lesion depth (cm) 3.3 + 0.23 4.3 + 0.34 .01 
Lesion size (cm) 3.4 + 0.20 2T & 020 .05 
Number of needle NS 

passes 1.7 + 0.07 1.6 0:10 

Age (years) 60.2 + 1.02 62.2 + 1.38 NS 
Men (%) 80 82 NS 
FEV, (l/sec) 2.2 + 0.08 1.8+0.10 01 
FVC (I) 3.1 + 0.09 2.9 + 0.14 NS 
FEV,/FVC x 100 via TA 64.3 + 1.97 001 





Note.—p values are from analysis of variance. All values are means + 
standard errors. NS = not significant; FEV, = forced expiratory volume in 1 
sec; FVC = forced vital capacity; FEV,/FVC = forced expiratory volume in 1 
sec/forced vital capacity. 


TABLE 2: Number of Patients Requiring One, Two, or Three 
Needle Passes 








Number of ee 
Number of Patients Patient an 
Needle Without erie E 
Passes Pneumothorax Pneumothorax 
(%) (%) 
1 46 (44) 28 (51) 
2 51 (49) 23 (42) 
3 8 (8) 4 (7) 





Note.—x? = 0.755; p = .6856. 


whereas forced vital capacity was not a significant predictor 
(Table 1). Fifty-two of 67 patients who had oostructive airway 
disease as shown by pulmonary function tests were classified 
correctly by findings on chest radiographs. Twenty-nine di- 
agnoses of obstructive airway disease that were based on 
chest radiographs were false-positive. Use of chest radio- 
graphs to assess patients for the presence of obstructive 
airway disease was not significantly associated with the fre- 
quency of pneumothorax (Table 3). 

Patients who had obstructive airway disease according to 
the results of pulmonary function tests experienced a twofold 
increase in the frequency of pneumothorax (46%) vs those 
whose results were normal (19%) (Table 3). Patients who had 
restrictive airway disease were at increased risk as well (35%). 
However, the number of patients who had restrictive airway 
disease according to findings on radiographs alone or findings 
on both radiographs and pulmonary function tests was too 
small for meaningful analysis (Table 3). When the radiologist 
and pulmonologist agreed in their interpretations, the trend 
was striking. Pneumothorax developed in only 7% (2/28) of 
normal subjects vs 46% (23/50) of patients who had obstruc- 
tive airway disease. No significant difference was noted be- 
tween these two populations with respect to the number of 
needle passes or size or depth of lesion (Table 4). 

Thirteen of those who had obstructive airway disease (by 
pulmonary function tests) and pneumothorax required place- 
ment of a chest tube, as did three of those who had restrictive 
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TABLE 3: Frequency of Pneumothorax According to Results of 
Chest Radiographs and Pulmonary Function Tests 








Interpretation 

Percent Percent 
Procedure Percent Obstructive Restrictive value 

Normal Airway Airway 

Disease Disease 
Chest radiograph 25 (17/67) 42(34/81) 33 (4/12) NS 

Pulmonary function 

tests 19 (10/53) 46 (31/67) 35(14/40)  .01 
Both 7 (2/28) 46(23/50) 40 (2/5) .001 





Note.—p values are from chi-square analysis. “Both” indicates that interpre- 
tation of the chest radiograph and pulmonary function tests were identical. 
Numbers in parentheses indicate number of patients in whom pneumothorax 
developed divided by number of patients in that diagnostic category. 


TABLE 4: Number of Needle Passes and Depth and Size of 
Lesion in Patients With or Without Obstructive Airway Disease 
as Shown by Both Chest Radiographs and Pulmonary Function 
Tests 








Findings 
Parameter Obstructive 
Normal Airway 
Disease 
Number of needle passes 1.8+0.14 1.7 + 0.10 
Depth of lesion (cm) 3.1 + 0.44 ST = O37 
Size of lesion (cm) 3.0 + 0.32 3.1 £0.28 





Note.—All values are means + standard error. Analysis of variance showed 
no significant differences between normal findings and findings of obstructive 
airway disease for any of these three parameters. 


disease. Only one patient with normal pulmonary function 
tests required a chest tube, and he had obvious bullae on 
chest radiograph. 


Discussion 


One of the many variables thought to predispose a patient 
to postbiopsy pneumothorax is the presence of obstructive 
airway disease. Poe et al. [10] showed this association by 
using lung volumes determined from chest radiographs by 
the method of Barnhard et al. [11]. They found a twofold 
increase in the prevalence of pneumothorax in patients who 
had more than 120% predicted total lung capacity. Sinner’s 
series [9] of more than 2000 patients showed a near threefold 
increase in pneumothorax among patients thought to have 
moderate to marked chronic obstructive pulmonary disease 
on the basis of chest radiographs alone. 

Our results indicate that the results of pulmonary function 
tests aid in assessing a patient's risk for postbiopsy pneu- 
mothorax. We now advise patients who have obstructive lung 
disease (by pulmonary function tests) that they have a greater 
than 45% chance of developing pneumothorax, with a 20% 
chance of requiring a chest tube [12]. Patients with normal 
pulmonary function tests are told that they have a 20% risk 
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of pneumothorax, with little likelinood of requiring placement 
of a chest tube unless chest radiographs show bullae. 

As previously shown, smaller, deeper lesions increase the 
risk of pneumothorax [9]. Such lesions are more difficult to 
biopsy and thus require greater cooperation by the patient. 
In addition, deep lesions may require crossing more than one 
pleural surface. The lack of association between the number 
of needle passes and the risk of pneumothorax is difficult to 
explain. Poe et al. [10] showed similar results, whereas others 
[4, 5, 9] have shown a clear correlation. 

A poor correlation between interpretations of chest radio- 
graphs and frequency of pneumothorax likely reflects our 
subjective approach to assessment for obstructive airway 
disease. We chose this approach because of its simplicity 
and because it is likely the approach used in daily practice by 
most radiologists. When pulmonary function tests are used 
as the gold standard, our sensitivity (70%) compares favora- 
bly with results obtained by using more objective criteria 
[13]. However, our false-positive rate (86%) was high, which 
indicates the inaccuracy of interpretations of routine chest 
radiographs for assessing obstructive airway disease as com- 
pared with previously described objective criteria [10, 13]. 

Our study group included 35% of the total number of 
patients who had had percutaneous lung biopsies at our 
institution between 1980 and 1985. Obviously, only those 
who had had pulmonary function tests could be included. 
Most patients who undergo pulmonary function testing do so 
because of clinical suspicion of airway disease or as a pre- 
operative evaluation before pulmonary resection. Conse- 
quently, most of those excluded in our study probably were 
considered clinically normal, and, in fact, the pneumothorax 
rate for the patients not included was 26%. If these patients 
had undergone pulmonary function tests, they most likely 
would have been part of our “normal” group. 

Pulmonary function tests (i.e., simple spirometry) are useful 
in assessment of the risk of pneumothorax due to percuta- 
neous needle biopsy of lung lesions. We do not propose that 
they be obtained to determined which patients should or 
should not undergo needle biopsy. Rather, the results of 
these tests can help us to inform our patients better and be 
better prepared ourselves for handling a potential pneumo- 
thorax. The decision as to whether a patient should undergo 
needle biopsy should not depend on the risk for developing 
pneumothorax but instead on the clinical assessment of 
whether the patient can withstand one if it does occur. The 
increased risk (greater than twofold in patients with obstruc- 
tive airway disease) does not preclude percutaneous needle 
biopsy. Most pneumothoraces resolve spontaneously, and 
the remainder are easily treated with small-bore chest tubes. 
Patients who have both normal pulmonary function tests and 
normal chest radiographs can be reassured that they are at 
low risk for pneumothorax and probably will not require a 
chest tube. 
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Mediastinal Cysts: Diagnosis by CT 
and Needle Aspiration 





Five patients with bronchogenic or enteric cysts were diagnosed by using a combi- 
nation of CT and transbronchial or transesophageal needle aspiration. Serous or mucoid 
fluid was successfully aspirated in each case. Cultures of the fluid were negative for 
pathogens, and cytologic examinations showed no malignancy. Mediastinoscopy and 
thoracotomy were avoided in all patients, including one symptomatic patient whose 
symptoms resolved after needle aspiration. 

CT with transbronchial or transesophageal needle aspiration represents a practical 
alternative to surgery in the evaluation of congenital mediastinal cysts. 


Congenital mediastinal cysts encompass a spectrum of bronchopulmonary mal- 
formations that includes bronchogenic cysts, esophageal duplications, and neuren- 
teric cysts. All of these entities probably share a common embryogenesis as a 
result of anomalous budding from the primitive foregut and early tracheobronchial 
tree [1]. 

In the adult, congenital mediastinal cysts represent approximately 10% of all 
mediastinal masses [2]. Because they are benign, these lesions pose a particular 
challenge to the radiologist and clinician to diagnose and manage them noninva- 
sively. Mediastinal cysts often are detected incidentally on routine chest radiograph 
or barium swallow in otherwise asymptomatic individuals [2]. In some cases, 
symptoms or a change in the appearance of the lesion may suggest malignancy 
and require a more definite evaluation. Because radiologic evaluation in the past 
frequently has been inconclusive, many adults with benign mediastinal cysts have 
required mediastinoscopy or thoracotomy. 

Our approach to the suspected mediastinal cyst has changed as a result of the 
experience gained with five patients diagnosed by using a combination of CT and 
transbronchial or transesophageal needle aspiration. 


Materials and Methods 


The study group consisted of five patients ranging in age from 26 to 77 years. Each had 
been referred for further CT evaluation of a mediastinal mass (one patient was previously 
described in a case report [3]). Three patients were asymptomatic, but either because of the 
appearance of the lesion or a change in its size, further evaluation was deemed necessary. 
Two patients were symptomatic and required definitive diagnosis or treatment. Symptoms 
requiring further investigation included dysphagia and anorexia (both in one patient [3]) and 
myasthenia gravis (one patient). 

CT scans were obtained with either a Siemens DR-3 scanner (5 sec, 450 mAs, 120 kVp, 
and 8-mm collimation) or an AS&E scanner (10 sec, 200 mAs, 125 kVp, and 8-mm collimation). 
A presumptive diagnosis of benign mediastinal cyst was based on the following CT findings: 
(1) a smooth, oval, or tubular mass with well-defined margins and no evidence of a thick or 
irregular wall; (2) homogeneous CT attenuation, usually but not invariably in the range of 
water density (0-20 H); (3) no vascular enhancement; (4) no infiltration of adjacent mediastinal 
structures; and (5) characteristic location in the paratracheal, carinal, subcarinal, or para- 
esophageal region. 
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On the basis of CT findings suggesting the diagnostic possibility 
of a bronchogenic or enteric cyst, either a transbronchial or transe- 
sophageal needle aspiration is performed for diagnosis. The tech- 
nique of transbronchial or transesophageal needle aspiration has 
been described previously [4]. The aspiration equipment includes a 
commercially available 120-cm, polyethylene sheath with an attached 
18- to 22-gauge, 12-mm beveled needle (Mill-Rose Co., Mentor, OH) 
(Fig. 1). After premedication with intramuscular meperidine and atro- 
pine, the patient receives topical anesthesia with 2% xylocaine of the 
oropharynx and nasopharynx. A flexible bronchoscope or endoscope 
is introduced to the appropriate level based on the CT findings. Next, 
the polyethylene sheath with attached needle and inner stylet is 
passed through the endoscope until the needle tip projects beyond 
the lumen of the scope. The stylet is retracted, the needle is passed 
into the lesion, and a syringe is applied to a proximal port for aspiration 
and drainage. One case required use of a rigid bronchoscope. Aspi- 





Fig. 1.—Transbronchial needle aspiration. Needle aspiration equipment 
includes a polyethylene sheath with proximal aspiration side port (arrow- 
head) and attached 18- to 22-gauge needle with inner stylet (arrow). 





A B 


Fig. 2.—26-year-old man with large subcarinal mass. 
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rated cyst fluid was cultured for pathogens and sent for cytopatho- 
logic analysis. 


Results 


A combination of CT and transbronchial or transesophageal 
needle aspiration was used to confirm the presence of a 
cystic mediastinal lesion in all five patients (Figs. 2 and 3). 
The mediastinal cysts ranged in size from 2.5 x 3 to3 x7 
cm and were located in the right paratracheal region (two 
cases), Carinal or subcarinal region (two cases), and para- 
esophageal area (one case). CT attenuations of the lesions 
ranged from water density to near soft-tissue density. Clear 
yellow fluid was obtained in four patients, and brown turbid 
fluid was obtained in one patient. Amounts aspirated ranged 
from 6 to 70 mi. Cultures of the fluid were negative for 
pathogens, and cytologic examinations showed no malignant 
cells. The procedures were tolerated well; no infections or 
hemorrhagic complications occurred. 

Immediate follow-up CT scans (four cases) or chest radio- 
graphs (one case) showed a decrease in the size of the 
mediastinal cyst in each case. The change in the size of the 
esion varied with the amount of fluid aspirated. Subsequent 
serial follow-up CT scans were available in two patients. One 
patient in whom a large amount of fluid had been drained (Fig. 
2) showed no reaccumulation of fluid on repeat CT examina- 
tions at 3 and 6 months. A second patient in whom a small 
amount of fluid had been removed for diagnostic purposes 
showed a stable lesion with no change in its size from 
preaspiration CT scans 112 months later. 

Surgery was avoided in three asymptomatic patients. In 
one symptomatic patient with a mediastinal cyst, the symp- 
toms resolved after needle aspiration; no relapse had oc- 
curred 1 year later. One patient with severe myasthenia gravis 
had a mediastinal cyst diagnosed, excluding the possibility of 
thymoma or malignancy without resorting to surgery. 





A, CT scans show a 6 x 6 cm fluid-filled cyst (arrow) with homogeneous CT attenuation measuring 10-20 H. Mediastinal cyst splays carina and 


displaces bronchus intermedius laterally. 


B, CT scan immediately after transbronchial needle aspiration of 70 mi of fluid. Cyst now measures 3 x 2 cm. 
C, Follow-up CT scan 6 months later shows no reaccumulation of fluid but only a soft-tissue remnant (arrow). 
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Fig. 3.—Asymptomatic 51-year-old man with 
enlarging right paratracheal mass. 

A and B, Chest radiographs obtained in 1982 
(A) and in 1985 (B) show that mass (arrows) has 
increased in size. 

C, CT scan shows 4 x 5 cm oval, right para- 
tracheal lesion (arrow) with homogeneous CT 
attenuation and a density slightly less than that 
of soft-tissue. Findings are suggestive of bron- 
chogenic cyst. 

D, Follow-up chest radiograph immediately 
after transbronchial aspiration of 45 ml of fluid 
shows air-fluid level appearing in cyst (arrow). 


Discussion 


In the adult, congenital mediastinal cysts often present as 
asymptomatic mediastinal masses. When signs and symp- 
toms occur, they may include dysphagia, weight loss, an- 
orexia, wheezing, nonproductive cough, or recurrent pneu- 
monitis [2, 5-7], findings often suggestive of underlying ma- 
lignancy. Mediastinal cysts can also enlarge in size over time 
[5]. 

The traditional approach to mediastinal cysts, especially 
those that have atypical features or that are symptomatic, 
has been mediastinoscopy or surgical excision for definitive 
diagnosis [7]. CT with transbronchial or transesophageal 
needle aspiration represents an alternative, nonsurgical ap- 
proach to treating these patients. It also can obviate more 
expensive and invasive mediastinoscopy or thoracotomy, 
both of which are associated with higher morbidity and require 
general anesthesia. 

Transbronchia! needle aspiration in the mediastinum was 
first used for mediastinal staging of lung cancer; the technique 
was developed because of a need to reach lymph node 
groups not readily accessible by mediastinoscopy, notably 
the subcarinal and retrotracheal areas [4]. Subsequently, the 
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technique has been used to evaluate a variety of mediastinal 
masses including tumors, abscesses, and now mediastinal 
cysts. Because of their typical locations in the paratracheal, 
subcarinal, and paraesophageal regions, mediastinal cysts of 
congenital origin are ideal candidates for this approach, either 
transbronchially or transesophageally. 

Although mediastinal cysts have been reached percuta- 
neously with transthoracic needles [8], the intimate associa- 
tion of most mediastinal cysts with the tracheobronchial tree 
and esophagus allows for a shorter approach and needle 
passage with the endoscopic technique. The distance tra- 
versed is smaller and vascular structures are more easily 
avoided. Mediastinal cysts located deep within the medias- 
tinum near the subcarinal region and around the esophagus 
are more difficult to reach percutaneously; with the endo- 
scopic approach, they are still relatively accessible. 

CT plays an important complementary role in this nonsur- 
gical approach to mediastinal cysts. CT confirms the presence 
of a mediastinal mass and often can provide a strong pre- 
sumptive diagnosis of benign mediastinal cyst. If the patient 
is asymptomatic, and characteristic CT features of a fluid- 
filled cyst are seen, conservative management with follow-up 
CT examinations to confirm stability in size is one option. 
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However, if the patient is symptomatic, if the lesion has 
changed in size, or if an underlying malignancy is suspected 
on clinical grounds, further evaluation is usually required. 
Surgery still may be avoided by combining CT with transbron- 
chial needle aspiration. The absence of malignant cells or 
pathogens from aspirated fluid, although not providing a 
definitive pathologic diagnosis of mediastinal cyst, does pro- 
vide substantiating evidence that there is a benign cystic 
lesion that can be followed conservatively. 

CT documents the nonvascular nature of the lesion, its 
size, and its anatomic relationship to other mediastinal struc- 
tures, including the tracheobronchial tree and great vessels, 
before needle aspiration. By identifying these important rela- 
tionships, the radiologist can safely guide the endoscopist to 
the target. CT is also helpful for follow-up, both immediately 
after the procedure (to document decrease in size of the cyst 
and to check for potential complications) and for long-term 
follow-up. Further study will be required to determine whether 
aspirated mediastinal cysts eventually reaccumulate fluid and 
whether long-term symptomatic relief can be achieved by 
using this technique. 

Finally, none of our five patients had mediastinal cysts with 
CT attenuations greater than that of soft-tissue density. High- 
density mediastinal cysts have been reported with CT coeffi- 
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cients as high as 120 H [9]. It is not known whether the 
gelatinous or highly mucoid contents of these cysts can be 
aspirated by using this technique. 
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MR Imaging of the Transverse 
Sinus of the Pericardium 





On MR images of the chest, a low-signal-intensity band is often seen between the 
ascending aorta and left atrium in the transverse plane, and between the right pulmonary 
artery and left atrium in the coronal and sagittal planes. CT and MR of cadavers, with 
injection of contrast media into the pericardial space, confirmed that this structure was 
the transverse sinus of the pericardium. Retrospective review of MR studies in 45 
patients without evidence of pericardial disease showed the transverse sinus of the 
pericardium in 80% (32/40) of transverse ECG-gated images, 78% (7/9) of sagittal ECG- 
gated images, and 67% (14/21) of coronal ECG-gated images. Nongated studies showed 
the sinus infrequently. 

Knowledge of the three-dimensional anatomy of the transverse sinus of the pericar- 
dium and of its typical MR appearance should allow its recognition and preclude 
misinterpretation. 


The transverse sinus of the pericardium lies behind the ascending aorta and 
main pulmonary artery and extends transversely between the right and left peri- 
cardial spaces (Fig. 1) [1-4]. The CT appearance of the transverse sinus has 
recently been described in patients with pericardial effusions [5]. On MR of subjects 
without pericardial disease, we have noticed a low-signal-intensity structure in this 
location, which can mimic an anomalous vessel, left coronary artery, aortic dissec- 
tion, or enlarged mediastinal lymph nodes. CT and MR in cadavers, before and 
after introduction of contrast media into the pericardial space, confirmed that this 
structure is the transverse sinus of the pericardium. We illustrate the MR, multi- 
planar sectional anatomy of the transverse sinus in cadavers and in patients without 
pericardial disease. 


Materials and Methods 
Cadaver Studies 


Two fresh unembalmed cadavers were chosen from preliminary CT scans of six cadavers. 
One cadaver was selected because it had an apparently normal pericardium and the other 
because of the presence of a pericardial effusion. 

A GE 9800 scanner was used for the CT scans, with contiguous slice thicknesses of 10 
and 1.5 mm (120 kVp, 120 mA, 3 sec). Coronal and sagittal images were reformatted from 
the 1.5-mm scan data. Each cadaver was scanned both before and after introduction of a 
contrast agent into the pericardium. As a CT contrast agent, 200 ml of 3% solution of 
Angiovist 282 (diatrizoate meglumine) was injected after the CT-guided introduction of a 4.8- 
French catheter into the preaortic superior pericardial recess. 

MR images were obtained with a Diasonics MT/S imaging system operating at 0.35 T with 
a proton-resonance frequency of 15 mHz. A multislice spin-echo technique was used, with 
heavy T1 weighting (repetition time [TR] of 0.25 or 0.5 sec, echo time [TE] of 30 msec) and 
four averages. Pixel size was 1.7 mm. Slice thickness was approximately 7 mm with a 3-mm 
interslice gap. Transverse, coronal, and sagittal images were obtained both before and after 
contrast injection. Also, the cadavers were scanned both before and after introduction of 300 
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Fig. 1.—Retrocardiac pericardial space, viewed from the front. Trans- 
verse sinus, under right pulmonary artery, separates it from left atrium. To 
the right of midline, transverse sinus extends cephalad, anterior to right 
pulmonary artery, and behind aorta, to communicate with retroaortic su- 
perior pericardial recess and pericardial space anterior to superior vena 
cava. To the left, transverse sinus passes behind main pulmonary artery 
and communicates with left pericardial space. (Adapted from Netter [1] 
and modified from McMurdo et al. [2]. © Copyright 1978. CIBA-GEIGY 
Corporation. Reproduced with permission from THE CIBA COLLECTION OF 
MEDICAL ILLUSTRATIONS by Frank H. Netter, MD. All rights reserved.) 


ml of water into the pericardium. Before the injection of water, the 
contrast agent that had been introduced for CT was removed. 


Patient Studies 


The study group consisted of two normal volunteers and 43 
patients who had undergone MR imaging of the chest. Ages ranged 
from 13 to 76 years (mean, 45 years). None had evidence of a 
pericardial effusion clinically or on MR images. Forty-two subjects 
had ECG-gated images, and 16 of these had both gated and nongated 
images. The remaining three subjects had nongated images only. 
Slice thickness was 7 mm with a 3-mm interslice gap. On ECG-gated 
images, the TR was determined by heart rate and ranged from 0.75 
to 1.1 sec. First-echo images with a TE value of 30 msec were 
obtained in 39 subjects. In the remaining six subjects, both first-echo 
(30 msec) and second-echo (60 msec) images were obtained. During 
each imaging sequence, five or 10 adjacent slices were acquired with 
two (27 subjects) or four (18 subjects) averages. Forty-eight studies 
(42 subjects) were performed in the transverse plane (40 ECG-gated, 
eight nongated). Nongated transverse studies were done with a TR 
value of 2.0 sec. Thirteen subjects were imaged in the sagittal plane 
(nine ECG-gated, four nongated). The nongated sagittal images were 
obtained with a TR value of 1.0 or 1.5 sec. Thirty-three studies (19 
subjects) were performed in the coronal plane (21 ECG gated, 12 
nongated). The nongated coronal images were obtained with a TR 
value of 2.0 sec. 

All images were analyzed to determine the presence and appear- 
ance of the transverse sinus of the pericardium at various locations 
and in the different imaging planes. 


Results 


The transverse sinus connects the right and left pericardial 
spaces behind the proximal ascending aorta and main pul- 
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monary artery. Although the transverse sinus was not visible 
in its entirety in any patient, it was seen as such in the cadaver 
with the pericardial effusion. For descriptive purposes, the 
sinus will be described sequentially as it appears in the 
Sagittal, transverse, and coronal planes. 


Sagittal Plane 


The anatomy of the transverse sinus is most easily under- 
Stood in the sagittal plane. On ECG-gated MR in the sagittal 
plane, seven of nine patients showed segments of the trans- 
verse sinus (Table 1). 

In or near the midline, a horizontal or slightly oblique seg- 
ment of the transverse sinus lies under the right pulmonary 
artery, separating the artery from the left atrium (Fig. 2A). We 
called this the infrapulmonary segment of the transverse 
sinus. Although it was well seen in the cadavers, probably 
because of some collapse of the adjacent vascular structures, 
it was rarely visible in the patients studied with MR (Fig. 3). 

From the anterior infrapulmonary segment, the transverse 
sinus extends superiorly and inferiorly, behind the ascending 
aorta (Figs. 2 and 3); this part of the transverse sinus we 
named the retroaortic segment. The superior extension of the 
retroaortic segment separates the aorta from the right pul- 
monary artery. To the right of the midline, the superior exten- 
sion of the retroaortic segment communicates with the su- 
perior pericardial recess (Fig. 3A) and the right pericardial 
space. The inferior extension of the retroaortic segment ex- 
tends anteriorly and inferiorly for 1-2 cm into the triangular 
space between the ascending aorta and left atrium. This 
inferior extension is the largest and most frequently seen 
segment of the transverse sinus when imaged in the sagittal 
plane. 

In or near the midline, an additional extension of the trans- 
verse sinus arises from the posterior aspect of the infrapul- 
monary segment. This extension courses superiorly, posterior 
to the right pulmonary artery; thus it is named the retropul- 
monary segment. 

To the left of the midline, only the infrapulmonary segment 
is visible, lying between the main pulmonary artery and left 
atrium (Figs. 2B and 3C). Depending on the orientation of the 
pulmonary artery, the infrapulmonary segment is often ori- 


TABLE 1: Sensitivity of MR Imaging in Showing Transverse 
Sinus of Pericardium 


Sa a a SE 
No. of Sinuses 





Imaging Mode Shown/No. of Ne 
Studies (%) 
Transverse 
Nongated 4/8 50 
ECG-gated 32/40 80 
Sagittal 
Nongated 2/4 50 
ECG-gated 7/9 78 
Coronal 
Nongated 3/12 25 
ECG-gated 14/21 67 
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Fig. 2.—Sagittal reformations of thin-section CT in cadaver, after contrast injection into pericardium. 

A, Near midline, infrapulmonary segment of transverse sinus (black arrow) is located between right pulmonary artery (RPA) and left atrium (LA). Superior 
(arrowhead) and inferior (open arrow) extensions of retroaortic segment are also opacified. Inferior extension is largest. Retropulmonary segment is not 
visible. Aorta (A) is partially collapsed. Left main bronchus (LB) is filled with aspirated material. 

B, 2 cm to left of midline. Only infrapulmonary segment (black arrow) of transverse sinus is visible, lying between main pulmonary artery (MPA) and left 
atrium (LA). Note emerging, partially calcified, left coronary artery (open arrow). Aorta (A) and left main bronchus (LB) were also identified. 

C, 3 cm to left of midline, transverse sinus caps left atrial appendage (LA) and communicates anteriorly with left pericardial space. Atrial appendage 
separates left coronary artery (white arrow) from transverse sinus. Main pulmonary artery (MPA) and pulmonary veins (V) are also shown. 





A 


Fig. 3.—ECG-gated sagittal MR image of a normal subject. 





A, 1 cm to right of midline, retroaortic, superior pericardial recess (open arrow) is continuous with superior extension of retroaortic segment of 


transverse sinus (solid arrow). This appearance mimics aortic dissection. 


B, In midline, inferior extension of retroaortic segment of transverse sinus is visible as a typically triangular low-intensity area (arrow) between 
ascending aorta (A) and left atrium (LA) and under right pulmonary artery. The infrapulmonary segment is not visible. 
C, 1 cm to left of midline, infrapulmonary segment (arrow) lies under main pulmonary artery (PA) and anterior and superior to left atrium (LA). Left 


coronary artery is not clearly distinguishable from transverse sinus. 


ented obliquely and directed anteriorly and inferiorly, parallel 
to the wall of the pulmonary artery. Farther to the left, the 
infrapulmonary segment caps the left atrial appendage. This 
segment is conical and communicates with the left pericardial 
space (Fig. 2C). 

In the sagittal plane, the left coronary artery arises anteriorly 
to the inferior extension of the retroaortic segment (Fig. 2B). 
Farther to the left, it is located within the fat anterior to the 
infrapulmonary segment, and passes anteriorly to the left 
atrial appendage (Fig. 2C). The left coronary artery is some- 
times visible as a round signal void on MR in patients and is 
not always distinguishable from the infrapulmonary segment 
(Fig. 3C). 


Transverse Plane 


On transverse MR of patients, segments of the transverse 
sinus were visible in 32 (80%) of 40 with ECG-gated scans 
(Table 1). Most frequently seen were the inferior extension of 
the retroaortic segment (29 subjects, 73%), the superior 
extension of the retroaortic segments (8 subjects, 20%), and 
the retropulmonary segment (5 subjects, 13%) (Fig. 4). 

The inferior extension of the retroaortic segment was an 
oblique band of low signal intensity posterior to the ascending 
aortic, at the level of the superior left atrium (Figs. 4B, 4C, 
and 5C). The superior extension of the retroaortic segment 
connects to the retroaortic portion of the superior pericardial 
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Fig. 4.—-ECG-gated transverse MR imaging of three different subjects at different levels. 
A, A bandlike area of low signal intensity (arrow) within subcarinal fat posterior to right pulmonary artery represents retropulmonary segment of 
transverse sinus. Relatively high signal intensity compared with that of vessels is due to partial-volume averaging. Its characteristic location and shape 


should allow its differentiation from lymph node. 


B, Signal void (white arrow) between aorta and top of left atrium represents inferior extension of retroaortic segment of transverse sinus. Note that 
branching left coronary artery is located further anteriorly and to the left (black arrows). 

C, Broad, bandlike, very-low-signal-intensity structure (arrowheads) represents inferior extension of retroaortic segment (behind aorta) and infrapul- 
monary segment, lying behind main pulmonary artery. Also note anterior descending branch of left coronary artery (arrow). 





A 





Fig. 5.—Thin-section CT scans of cadaver shown in Fig. 2, after contrast injection. 
A, Scan at level of right pulmonary artery shows superior extension of retroaortic segment (open arrow). The retropulmonary segment (solid arrow) is 
located medial to left atrial appendage (A) and posterior to right pulmonary artery. Note calcified subcarinal lymph node. Bronchi are filled with aspirated 


material. 


B, 7.5 mm below A. Infrapulmonary segment of transverse sinus (arrowheads) lies parallel to scan plane. Ascending aorta (arrow) is collapsed. Calcified 


left coronary artery is lateral to transverse sinus. 
left coronary artery is lateral to transverse sinus. 
arrow). 


recess. This segment was a crescent area of low signal 
intensity between the aorta and right pulmonary artery (Fig. 
5A). The retropulmonary segment was a thin, curvilinear band 
along the posterior wall of the right pulmonary artery (Fig. 
4A). The infrapulmonary segment was occasionally seen be- 
hind the main pulmonary artery, appearing continuous medi- 
ally with the inferior retroaortic segment (Figs. 4C and 5B). 
The left coronary artery lies anteriorly and to the left of the 


retroaortic segment and infrapulmonary segment, and the left 
coronary artery is easily distinguishable from the transverse 
sinus in this plane (Fig. 5). 


Coronal Plane 


The infrapulmonary segment was visible as a horizontal, 
linear, low-intensity band between the right pulmonary artery 
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and left atrium in 14 (67%) of 21 subjects with ECG-gated 
MR (Table 1; Figs. 4, 6, and 7). In some cases, volume 
averaging of the inferior extension of the retroaortic segment 
with the aorta or left atrium caused it to appear as aan ill- 
defined broad area of low signal intensity just posterior to the 
aorta (Fig. 7). In the coronal plane, the left coronary artery 
was visible to the left and inferior to the infrapulmonary 
segment (Fig. 7). Laterally, the left atrial appendage separated 
the transverse sinus and left coronary artery. 


MR Signal Intensity 


In cadavers, the signal intensity of the transverse sinus was 
similar to the supernatant from the separated blood within 
the heart and great vessels: lower than muscle, but higher 
than aerated lung. Fluid aspirated from the pericardium of the 
cadavers was serous. On MR of subjects, the intensity was 
low, similar to aerated dependent lung (Figs. 2, 3, and 6). A 
slight increase in signal intensity was seen on second-echo 
images. However, even on the second-echo images of scans 
gated to end diastole, which show intense signal within car- 
diac chambers and great vessels, signal from the sinus re- 
mained low, allowing clear differentiation. 


Discussion 


The extensions of the pericardium that envelope the great 
vessels form two tubes. Anterosuperiorly, the aorta and pul- 
monary artery are enclosed in one tube; while posteriorly, the 
superior and inferior vena cavae and the pulmonary veins are 
enclosed in a second tube [3, 6]. The passage or connection 
between these two pericardial tubes is the transverse peri- 
cardial sinus [3]. On the right side, the transverse sinus 
communicates with the right pericardial space anterior to the 
superior vena cava; on the left side, it merges freely with the 
pericardial space lateral to the left atrial appendage (Fig. 1). 

The transverse sinus of the pericardium has received little 
attention in the radiologic literature. One report describes the 
CT appearance of this structure in a patient with a pericardial 
effusion and in a few normal subjects [5]. Because CT has 
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limited contrast resolution and viewing planes, the sinus is 
not readily displayed on routine CT scans. MR has both better 
contrast resolution and multidirectional imaging capability, 
and, thus, often it shows segments of the transverse sinus. 
These can be misinterpreted, because of their low signal 
intensity, as mediastinal vessels. The proposed imaging of 
the proximal coronary arteries with MR requires differentiation 
of the artery from the transverse sinus, and this can be difficult 
in some instances. 

Between the ascending aorta and left atrium there is a 
triangular fatty space containing the inferior extension of the 
retroaortic segment [4]. This portion of the transverse sinus 
is the most frequently seen on both sagittal and transaxial 
MR images (Figs. 3 and 4). However, it is oriented almost 
vertically and its visualization in the coronal plane is infrequent 
because of partial-volume averaging. On coronal MR views, 
the infrapulmonary segment is most frequently seen. The 
superior extension of the retroaortic segment can be misin- 
terpreted as the second lumen of an aortic dissection, espe- 
cially in the sagittal plane (Fig. 3A). A similar problem can 
occur with the superior pericardial recess [2, 7]. Continuity of 
the retroaortic segment with the superior pericardial recess 
and its visualization at a site only 1-2 cm to the right of the 
mid-sagittal plane help in its identification. The retropulmonary 
segment usually appears as a thin, curvilinear structure ad- 
jacent to the posterior wall of the right pulmonary artery [4, 
5, 8]. However, it can appear on MR as a thick band that 
may mimic a subcarinal lymph node (Fig. 2C). Persistent low 
signal intensity on T2-weighted images indicates pericardial 
fluid rather than a lymph node [9]. 

The left coronary artery lies anterior to the transverse sinus, 
but in the sagittal plane, their differentiation may be difficult 
except at the level of the left atrial appendage, where the 
appendage separates the transverse sinus above from the 
left coronary artery anteriorly and inferiorly. In the transverse 
and coronal planes, the left coronary artery is distinguishable 
from the transverse sinus, being lateral and anterior or inferior 
to the retroaortic segment or infrapulmonary segment. 

Normally the pericardial sac is lubricated by 20-25 ml of 
serous fluid [10, 11]. On MR in cadavers, the signal intensity 


Fig. 6. -ECG-gated coronal MR. Infrapulmonary 
segment portion of transverse sinus appears as a 
linear area of low signal intensity (arrowheads) 
between right pulmonary artery above and left 
atrium below. Note left atrial appendage (A) and 
left coronary artery (arrow). 


Fig. 7.—Coronal reformatted CT image of ca- 
daver in Fig. 2 after contrast injection. At level of 
right pulmonary artery (R), relationship of infrapul- —__ 
monary segment (solid arrow) and inferior exten- ` 
sion of retroaortic segment (open arrows) is visi- 
ble. Infrapulmonary segment communicates with 
left pericardium, above left atrial appendage (AA). 
Calcified left coronary artery (white arrowheads) 
— lies lateral and inferior to infrapulmonary segment 
and atrial appendage. Calcified lymph node is su- 
= perior to right pulmonary artery (R). 
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of pericardial fluid was similar to that of serum (blood super- 
natant) within the cardiac chambers and great vessels. How- 
ever, on MR in subjects, the pericardial fluid appears almost 
as a signal void, with an intensity near to that of aerated lung, 
at all pulse sequences and echoes and throughout the cardiac 
cycle. 

Sechtem et al. [12, 13] suggested cardiac motion as a 
cause of the low signal intensity of normal pericardial fluid. 
Higher signal intensity of stationary fluid shown in our cadav- 
eric MR images and the higher signal intensity of pericardial 
effusion shown on MR images of patients with pericardial 
adhesions [13] support the contention of motion-induced 
signal loss of pericardial fluid. Fluid within the pericardial sac 
moves in nonlaminar patterns caused by cardiac pulsation. 
These flow patterns should have an accelerated flow com- 
ponent [12] as well as spatial velocity variation [11] within the 
imaged plane, and both factors will lead to signal loss by spin- 
phase change phenomena [14, 15] on both first- and second- 
echo images. However, the low protein content of physiologic 
pericardial fluid (one-third to one-fourth that of blood) [16] 
may also contribute to the low signal intensity [9]. The slight 
increase in signal intensity on most of the second-echo images 
with a TR value of more than 1.0 sec., compared with intensity 
on first-echo images, is probably due to the combined effects 
of an overall increase in signal noise, even-echo rephasing 
[17], and the long T2-value of fluid [18]. 
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Technical Note 





The Left Ventricular Echogenic Focus: A Normal Finding 


David W. Levy! and Marshall C. Mintz 


Sonography is frequently used to delineate fetal cardiac 
anatomy. During routine examinations an echogenic focus 
within the left ventricle is frequently seen. This structure 
appears near the papillary muscle and moves with the mitral 
leaflets throughout the cardiac cycle. In order to determine 
the prevalance and significance of this finding, we prospec- 
tively recorded its presence or absence in 118 consecutive 
examinations. This finding occurs too frequently to represent 
a pathologic lesion, and it is most likely a normal develop- 
mental structure related to the mitral apparatus. Awareness 
of this finding should prevent misinterpretation. 


Materials and Methods 


Visualization of a left ventricular echogenic focus (LVEF) was 
prospectively sought in 118 consecutive second- and third-trimester 


Fig. 1.—A, Sonogram of 21.5-week fetus 
showing four-chamber view of heart. Left ven- 
tricular echogenic focus is seen (arrow). 

B, Anatomic section corresponding to 1A 
showing that papillary muscle (arrow) is in same 
location as echogenic focus. (Reprinted with per- 
mission from Isaacson G, et al. [1], p. 65.) 


fetal sonographic examinations in which a four-chamber view of the 
heart was obtained. If possible, a long-axis view of the fetal heart 
was also obtained. No cases were scanned for presumed cardiac 
anomalies. Sonograms were obtained on commercially available 
equipment (General Electric, Milwaukee, WI; Diasonics, Milipas, CA) 
using both 3.5- and 5.0-MHz linear-array and sector transducers. 


Results 


A small LVEF in the region of the papillary muscle and/or 
chordae tendineae was present in 24 (20%) of the 118 cases 
studied (Figs. 1 and 2). The LVEF was seen in 12 (22%) of 
55 cases scanned between 14 and 24.9 weeks of gestation 
and 12 (19%) of 63 cases scanned from 25 weeks to term. 
The LVEF always moved in unison with the valve leaflets and 
was seen on four-chamber views as well as long-axis views 
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Fig. 2.—A, Sonogram of 23-week fetus illustrating long-axis view of left ventricle. Left 
ventricular echogenic focus is identified (arrow). RV = right ventricle; LA = left atrium; A = 


aorta. 
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Fig. 3.—Sonogram of 24-week fetus showing four- 
chamber view of heart. Left (straight arrow) and right 
(curved arrow) ventricular echogenic foci are seen. 


B, Anatomic section corresponding to A showing that echogenic focus is in same location 
as papillary muscle (arrows). RA = right atrium; C = inferior vena cava; A = aorta; FO = valve 
forming wall of fossa ovalis; la = left atrial appendage. (Reprinted with permission from 


Isaacson et al. [1], p. 171.) 


of the left ventricle. An analogous echogenic structure within 
the right ventricle was seen in 2 (1.7%) of the 118 patients 
(Fig. 3). All cases had a normal cardiac rate and rhythm. 


Discussion 


The atrioventricular valves arise primarily from the endo- 
cardial cushions, while the left and right ventricular cavities 
develop by means of excavation of their myocardial walls. 
The resulting papillary muscles and chordae tendineae are 
products of variable degrees of ventricular wall excavation 
[2]. The larger size of the left ventricular papillary muscle may 
explain why it is more frequently visualized than is the right 
ventricular papillary muscle. The variable detection of the 
LVEF between patients may be related to individual variations 
in myocardial excavation. 

Although sonographic evaluation of fetal cardiac anatomy 
has been described, the echogenic focus has not been pre- 
viously described in reports that would have mentioned the 
focus if it had been recognized |3-5]. Although the true nature 
of the LVEF in the live, beating fetal or neonatal heart has not 
been proven, its high prevalence indicates a benign etiology, 


and its location suggests that it is related to the developing 
papillary muscle and/or chordae tendineae. When seen, this 
Structure should be recognized as normal and not confused 
with a disease process. However, if an arrhythmia or fetal 
hydrops is seen in association with a larger echogenic focus 
in a different position within the heart, other causes such 
as a rhabdomyoma or teratoma should be considered [6]. 
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MR Imaging of the Aorta After 
Surgery for Aortic Dissection 





MR imaging is known to be an effective technique for the noninvasive diagnosis of 
thoracic aortic disease, but it has not been used to monitor the appearance of the aorta 
or the fate of the false lumen after surgery for aortic dissection. This study describes 
our initial experience with postsurgical MR imaging of aortic dissection (nine type A and 
two type B) to evaluate prognostically important features, including the status of residual 
false lumen. The most notable findings were (1) aneurysmal dilatation beyond the 
interposed graft (11/11 cases), (2) residual intimal flap (10/11 cases) with at least partial 
patency of the false lumen (10/10 cases), and (3) origin of a visceral vessel from the 
false lumen in persistently dissected abdominal aorta (6/9 cases). Evaluation of residual 
false lumen by double-spin-echo-intensity and phase-display techniques showed evi- 
dence of slow blood flow with variable amounts of thrombus in eight of 10 cases. 
Differentiation between signal within the false lumen due to slow flow and signal due to 
thrombus was facilitated by phase display. 

MR imaging can be used for noninvasive monitoring of the aorta after surgical repair 
of aortic dissection. Since the false lumen usually remains patent after surgical repair, 
such follow-up of its status seems necessary for identifying potential complications of 
the original dissection and/or the therapy. 


Despite apparently successful therapy for aortic dissection [1, 2], early and long- 
term consequences of the original aortic dissection are recognized. Patients with 
surgically repaired aortic dissection remain at considerable risk, primarily from 
recurrence or progression of dissection or from aneurysm formation, all of which 
may cause aortic rupture [2, 3]. While persistent patency of the false lumen is 
common in aortic dissections postoperatively and appears to be often essential for 
perfusion of vital organs [4, 5], complete thrombosis of the false lumen may provide 
a natural buttress against further dissection or rupture and thus may result in a 
better prognosis, at least in patients with medically treated dissection [6]. Conse- 
quently, there may be clinical value in following the status of both the false lumen 
and the aortic diameter in aortic dissections after surgical repair. 

Aortography [4] and CT [5] have been used successfully for monitoring aortic 
dissections after surgical repair, but optimal contrast enhancement may limit their 
reliability in assessing the false lumen, especially when it is partially or completely 
thrombosed or has minimal inflow of blood from the true lumen [7]. 

MR imaging is a useful technique for presurgical evaluation of either a type A 
dissection (i.e., one involving the ascending segment of the thoracic aorta) or a 
type B dissection (i.e., one involving the descending thoracic segment distal to the 
left subclavian artery) [8-10], but little data have been reported about the role of 
MR in evaluating patients after surgical repair [9]. The present study reports our 
initial experience with the use of MR imaging after surgery to assess prognostically 
important features of aortic dissections, and it shows the potential of the recently 
developed phase-display technique [8, 11, 12] for evaluating the status of the false 
lumen. 
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Subjects and Methods 


Subjects 


From December 1, 1983, to February 25, 1987, 11 patients (age 
range, 30-80 years; mean, 62 years; gender, 73% men) underwent 
MR imaging for the postsurgical follow-up evaluation of aortic dissec- 
tion. This group consisted of nine type A dissections and two type B 
dissections that previously had been treated surgically. Two patients 
were included in an earlier study from our institution [9]. The period 
between surgery and MR examination was variable (range, 2 months- 
16 years; mean, 58 months). Seven cases of type A dissection, 
including one that had been limited at first to the proximal ascending 
aorta, were treated with replacement of the ascending aorta alone. 
Another type A case was treated by replacement of the ascending 
aorta and grafting to the left coronary artery. The remaining case of 
type A dissection, which was limited to the ascending aorta and arch, 
was treated with an ascending aortic graft, a right coronary artery 
bypass graft, and an aortic valve prosthesis. Both type B dissections 
were treated by replacing the proximal descending aorta with a graft. 


MR Instrument and Technique 


Transaxial spin-echo images were obtained on a superconducting 
MR system (Diasonics MT/S, San Francisco, CA) operating at 0.35 
T, which previously has been discussed in detail [9]. The correspond- 
ing hydrogen resonant frequency was 15 MHz. 

The 3 year period during which patients were studied represented 
an evolution in the MR technique used for evaluating aortic dissec- 
tions. Initially, the MR examinations were performed by using a 
nongated, double-spin-echo technique (repetition times (TRs) = 1.5 
and 2.0 sec; echo times (TEs) = 28 and 56 msec; slice thickness = 
7 mm with a 3-mm interslice gap) for imaging both the thoracic and 
abdominal portions of the aorta (two patients) [9]. Subsequent pa- 
tients were examined by using an ECG-gated (TR = heart rate), 
single—spin-echo technique (TE = 30 msec) (eight patients) or double- 
spin-echo technique (TEs = 30 and 60 msec) (one patient) in the 
thorax (slice thickness = 10 or 11 mm). A nongated (TR = 1.0 sec), 
single-—spin-echo technique (two patients) or nongated (TR = 2.0 
sec), double—spin-echo technique (Seven patients) was then used in 
the abdomen (slice thickness = 10 or 11 mm); the abdominal aorta 
was not imaged in the two type A cases in which the descending 
thoracic aorta was spared. 

The phase-display technique became available during the course 
of this study and was used to generate phase-display images in the 
final seven patients (six type A and one type B dissections). These 
images reflect phase shift of magnetization vectors, occurring for 
tissues moving (e.g., blood) relative to the magnetization vectors of 
Surrounding stationary structures (e.g., vertebrae) during the time of 
application of an asymmetric magnetic gradient [11, 12]. Conse- 
quently, a voxel-by-voxel display of regions of blood flow, based on 
velocity-dependent phase shift of blood protons, can be produced. 


Image Interpretation 


Although oblique sagittal or coronal images were also available in 
several patients, only the sequential images from the transaxial plane 
were used because of their proven value for both visualization of all 
components of aortic dissection [5, 7, 9, 10] and measurement of 
aortic diameter [13, 14]. Use of transaxial images also limited the 
contribution of in-plane flow effect to signal within the false lumen. In 
addition, to avoid contributions by diastolic pseudogating and wash- 
in effect, the images analyzed represented systole and were not the 
initial level in a series. These standard-intensity and phase-display 
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images were interpreted by two of the authors who only had knowl- 
edge of the patient's clinical history, including the type of dissection 
and the surgical history. 

For each patient, the aorta was characterized according to (1) 
presence and extent of residual intimal flap, and presence and extent 
of false lumen, (2) aneurysmal dilatation of the aorta distal to the 
graft, and (3) characteristics of blood flow and the presence or 
absence of thrombus within the false lumen. This analysis was made 
for the ascending, arch, and descending segments of the thoracic 
aorta and in the abdominal portion of the aorta; the criteria for these 
three characteristics of postsurgical aortic dissections are described 
in the following sections. 

The definitive sign of dissection of the aorta on MR images is the 
presence of an intimal flap (8-10]. Description of the extent of false 
lumen was based on the detection of this finding on standard-intensity 
images. 

In the aforementioned segments, overall aortic diameter was mea- 
sured from standard-intensity images, and the determination of the 
presence or absence of aneurysmal dilatation was based on previ- 
ously established limits for the thoracic [13] and abdominal portions 
[14] of the aorta. The limits for each segment were as follows: 
ascending thoracic, =4.0 cm; arch, =3.9 cm; descending thoracic, 
=2.9 cm; and abdominal portion, =3.0 cm. 

The appearance of signal within residual false lumen on standard- 
intensity and phase-display images provided the basis for determining 
both the blood flow pattern and the presence or absence of thrombus 
in each dissected aortic segment. Rapidly flowing blood within the 
false lumen was characterized by evidence of signal void on standard 
intensity images and evidence of phase shift on phase-display images 
(i.e., blacker or whiter shades relative to uniform background gray 
shade of an immobile structure) [11, 12]. On the other hand, when 
signal was present within the false lumen, the presence of slow blood 
flow and/or thrombus had to be considered. Slow blood flow was 
then identified by the detection of (1) evidence of even-echo rephasing 
on standard double-spin-echo intensity images (i.e., marked increase 
in absolute and relative signal intensity from first-echo to second- 
echo image) [15] and (2) evidence of phase shift on phase-display 
images. In contrast, identification of thrombus as the cause of signal 
within the false lumen was based on the fact that neither even-echo 
rephasing nor phase shift was detected in the regions with such 
signal. 


Results 


The anatomic findings from MR evaluation of the cases of 
surgically repaired aortic dissection included aneurysmal dil- 
atation of a segment of the thoracic aorta distal to the site of 
grafting in all 11 patients (Fig. 1). For the type A cases, such 
dilatation was most common in the arch (8/9 = 89%). The 
abdominal portion of the aorta (imaged in nine cases, but not 
in the two type A cases in which the descending thoracic 
segment was spared) was infrequently found to be aneurys- 
mal (3/9 = 33%). In addition, evidence of intimal flap and false 
lumen distal to the graft was noted in 10 (91%) of 11 patients. 
In six (67%) of the nine cases with evidence of intimal flap 
involving the abdominal aorta, the false lumen was identified 
as being the source of blood supply to one or more abdominal 
visceral vessels. The left renal artery was the vessel that 
most frequently originated from the false lumen (5/6 = 83%). 

For MR analysis of the status of the false lumen (i.e., rapid 
or slow blood flow and presence or absence of thrombus), 
slow blood flow was differentiated from thrombus by the 
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Fig. 1.—Postoperative type A dissection with 
aneurysmal dilatation of aortic arch. 

Four sequential transaxial images (upper left, 
most cranial; lower right, most caudal) show a 
focal aneurysmal dilatation (/arge white arrows) 
extending cranially from superior aspect of aortic 
arch. Aneurysm arises from residual false lumen 
(white curved arrows) delineated by intimal flap. 
Both aneurysm and false lumen contain abnormal 
signal due to slow blood flow and/or thrombus. In 
addition, aneurysm displaces left common carotid 
artery (small black arrow) and left subclavian ar- 
tery (small white arrow) anteriorly and trachea 
(open arrow) to the right. 


presence or absence, respectively, of evidence of even-echo 
rephasing on the standard double-spin-echo intensity images 
and phase shift on the phase-display images. In all seven 
patients with both types of MR images, evidence of even- 
echo rephasing and evidence of phase shift were either 
simultaneously present or absent. However, it was difficult to 
distinguish confidently between regions of slow blood flow 
and those of thrombus by using the criteria for intensity 





Fig. 2.—Signal within residual false lumen due to slow blood flow vs thrombus. Differentiation 
facilitated by phase display. On standard first-echo (/eft) and second-echo (right) images at an 
upper abdominal level (A) and a level (B) at origin of superior mesenteric artery (black arrows), 
extensive signal is noted within dilated residual false lumen of this surgically repaired type B 
dissection. Heterogeneous signal noted within false lumen represents a combination of slow blood 
flow and thrombus; however, on these images, slow flow and thrombus are not clearly distin- 
guished. False lumen (white arrowheads) compresses the small, anteriorly located true lumen 


(asterisks), which contains signal void indicative of rapidly flowing blood. 


Corresponding phase-display images (C: top image corresponds to A, bottom image corre- 
sponds to B) clearly show extent of both slow flow (asterisks) and thrombus (arrowhead) within 
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images alone; this task was made considerably easier by 
using phase-display images (Fig. 2). 

Ultimately, this analysis of the status of the false lumen 
indicated that there was at least partial patency of the false 
lumen (i.e., indicated by evidence of rapid or slow blood flow) 
in all 10 patients with evidence of residual intimal flap. Evi- 
dence of rapidly flowing blood within the false lumen was 
common (9/10 = 90%), especially in the ascending thoracic 






residual false lumen. intimal flap (large black arrows) appears thick, probably because of adherent 
thrombus on side of false lumen. Blood flow from false lumen into superior mesenteric artery 


(small black arrows) is also depicted. 
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segment (6/8 = 75%). Furthermore, slow blood flow within 
one or more segments of false lumen frequently was found 
(8/10 = 80%), always in association with variable amounts of 
thrombus (Fig. 3). The descending thoracic segment and 
abdominal portion of the aorta showed equally the greatest 
frequency of slow blood flow within the false lumen (both 5/9 
= 56%); the greatest frequency of thrombus was found in the 
abdominal aorta (6/9 = 67%). 


Discussion 


Currently, more than 70% of patients with aortic dissection 
recover if treated medically or surgically [1, 2]. Originally, 
surgical therapy was aimed at both the resection of the entry 
site of the dissected segment and obliteration of the false 
lumen [16]. A 1979 report [2] shows, however, that neither a 
late mortality rate nor the frequency of repeated surgery are 
influenced by surgical resection of the intimal tear and that 
patency of the false lumen is not associated with worsened 
late clinical status or the increased need for another operation. 
Indeed, several follow-up aortographic [4] and CT [5] studies 
of aortic dissection after surgical repair have shown that the 
false lumen remains patent in most patients despite attempted 
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obliteration. In these cases, communication between the true 
lumen and the false lumen through reentry sites appears to 
be the mechanism for both persistent patency of the false 
lumen and perfusion of vital organs (e.g., the left kidney). If 
the vital organs are not dependent on the false lumen for their 
blood supply, complete thrombosis of the false lumen may 
influence prognosis favorably [6]. Because there is a tendency 
for the false lumen to continue to undergo changes, including 
alterations in its overall size and the degree of thrombosis 
[17, 18], the prognosis also may fluctuate with time. 

Aneurysmal dilatation of the dissected aorta is also fre- 
quently noted after surgical repair [5, 7] and in chronic dis- 
sections that are being treated medically [17, 18]. Because 
of its propensity to lead to aortic rupture, aneurysmal dilata- 
tion suggests an unfavorable prognosis. 

The value of MR imaging in the evaluation of nonsurgically 
treated aortic dissections has been described [8-10]. Cumu- 
lative experience suggests that MR may be as effective as 
CT in evaluating dissections, sharing with it the advantages 
of the transaxial imaging approach for delineating the intimal 
flap and false lumen [7] and for assessing aortic diameter [13, 
14]; the additional advantage of MR is that it avoids the need 
for contrast administration. In addition, straight or oblique 


Fig. 3.—Typical appearances of slow blood 
flow in combination with thrombus within resid- 
ual false lumen after surgical repair of a type A 
dissection. Images are shown for two patients 
with surgically repaired type A dissections with 
abnormal signal within residual false lumen, 
which is due to both slow flow and thrombus. 
Standard first-echo intensity images are accom- 
panied by corresponding phase-display images 
(second-echo images were not obtained). 

A and B, In ascending segment of thoracic 
aorta, residual dissection above graft is noted 
on intensity image. Extent of slow blood flow 
(large arrows) and extent of thrombus (arrow- 
heads) are clearly delineated within false lumen 
on phase-display image. Intimal flap appears 
immobile (shade matching that of immobile 
structures, such as vertebra and large left 
pleural effusion) and thickened by adherent 
thrombus. In a similar manner, signal within false 
lumen in descending segment (asterisks) can be 
identified by phase display as being entirely due 
to slow blood flow (shade contrasts sharply with 
that of immobile structures). 

C and D, In descending segment of thoracic 
aorta, signal filling of false lumen on intensity 
image might be easily attributed to either com- 
plete thrombosis or slow flow. Phase-display 
image clearly shows presence of extensive slow 
blood flow (asterisks) and a small amount of 
thrombus (small arrows), with shades contrast- 
ing and matching, respectively, those of immo- 
bile structures (e.g., intimal flap and chest wall). 
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sagittal or coronal imaging of the aorta may be performed 
directly with MR for further anatomic description of disease, 
whereas this information can be obtained only indirectly with 
CT by computed reconstruction. 

The present study reports our initial experience with the 
use of MR for the postsurgical follow-up evaluation of dissec- 
tions of the aorta. Several anatomic features of postoperative 
aortic dissection that have been discussed previously [4, 5] 
are reinforced by the MR findings in this study. They include 
the high frequency of (1) patency of the residual false lumen, 
(2) aneurysmal dilatation of the aorta distal to the graft, (3) 
slow blood flow and thrombus within the false lumen, and (4) 
origin of visceral vessels to vital organs (e.g., the left renal 
artery) from the false lumen in the dissected abdominal aorta. 
The observation that the abdominal aorta with residual dis- 
section is characterized by thrombus within the false lumen 
in the absence of aneurysmal dilatation apparently has not 
been described previously, and its pathophysiologic and prog- 
nostic significance is unclear. Unfortunately, these observa- 
tions must be recognized as somewhat speculative since no 
gold standard (e.g., additional imaging results or surgical or 
postmortem findings) was available in this study. 

The differentiation between aortic dissection with slow 
blood flow and/or thrombus within its false lumen on the one 
hand and aneurysm with adherent mural thrombus on the 
other is now a well-recognized limitation of both aortography 
and CT [7]. This distinction is important at the time of the 
initial evaluation for suspected thoracic aortic disease and in 
the postoperative follow-up evaluation of aortic dissections, 
during which the confirmation of the presence or absence of 
recurrence or progression of dissection, of aneurysmal dila- 
tation of the aorta, or of thrombus within the false lumen may 
be sought [2, 3, 6]. 

MR imaging relies on the same general guidelines described 
for CT [7] for the differentiation between aortic dissection 
with complete thrombosis of the false lumen and aneurysm 
with adherent thrombus based on the diameter and shape of 
the involved aortic segment and its patent lumen. On the 
other hand, possibly MR is superior to CT for documenting 
the presence of at least minimal blood flow within a false 
lumen, thereby improving the accuracy in identifying dissec- 
tion and restricting the occasions in which these two forms 
of the aortic disease might be confused. 

The distinction between causes of flow-related signal en- 
hancement of blood (e.g., wash-in artifacts, even-echo re- 
phasing, diastolic pseudogating, and in-plane flow) and intra- 
vascular thrombus by MR has typically depended on the 
identification of the pattern of change in abnormal intravas- 
cular signal intensity on standard-intensity images with pro- 
longed TEs [15]. These changes are related not only to the 
blood-flow velocity and direction and the thrombotic-material 
character but also to the specific MR pulse sequence and 
MR system used. Although the presence and absence of 
even-echo rephasing [15] may be used effectively for differ- 
entiating slow blood flow from thrombus, respectively, region- 
of-interest analysis for this phenomenon can become tedious 
and visual assessment can become problematic [11]. Like 
slowly flowing blood, thrombus may produce variable signal 
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intensity on standard spin-echo images, depending on the 
age of the thrombotic material [19, 20]. Therefore, in a clinical 
setting it may be difficult to distinguish confidently between 
slowly flowing blood and thrombus by using standard-inten- 
sity images alone. 

In this study, we used the recently developed phase-display 
technique [11, 12] to facilitate this often difficult differentiation 
between signal within the false lumen due to slow flow and 
that due to thrombus. Using a version of the phase-display 
technique for semiquantitative analysis of in-plane flow, Dins- 
more et al. [8] evaluated the blood-flow patterns within the 
true and false lumina before surgery in a patient with a type 
A dissection. The phase-shift information needed for phase- 
display is derived from conventional spin-echo pulse se- 
quences with no additional reconstruction software and at 
little or no additional machine or patient time. This information 
can be used to generate on a voxel-by-voxel basis a sensitive 
map of moving protons in flowing blood that appear quite 
different from that of regions of stationary protons in thrombus 
of any age [11, 12]. The phase-display technique generally 
provides clear-cut and easily interpreted images, reflecting 
the distribution of both slow blood flow and thrombus in 
regions of unidentified signal noted within the false lumen on 
standard-intensity images, and it may obviate more lengthy 
examinations for the acquisition of later spin-echo images. 

Phase shift is not restricted to blood-flow motion; anything 
that is moving during the application of the gradients (e.g., 
the patient, the heart, the chest wall, or mobile polypoid 
thrombus) may produce observable phase shift. This can 
result in failure to correctly identify an intravascular lesion, 
because such a phase shift might be misinterpreted as flowing 
blood. Furthermore, because of the cyclic nature of the phase- 
shift representation, a specific phase shift (i.e., 360°) can be 
displayed as the same shade of gray as an adjacent immobile 
structure. This can result in incorrectly identifying an intravas- 
cular lesion when, in fact, flowing blood is present. In addition, 
technical factors (e.g., inhomogeneity in the static magnetic 
field, magnetic susceptibility in chronic hemorrhage/throm- 
bus) may alter local phase progression, which then may be 
misinterpreted as phase shift due to motion. 

Unfortunately, the superiority of phase-shift analysis over 
the analysis of even-echo rephasing for the differentiation 
between slow blood flow and thrombus has not been defini- 
tively proved by this or any previous study [11]. A large 
comparison study with separate blinded interpretations of 
standard double-spin-echo intensity images and correspond- 
ing phase-display images is needed to accomplish this pur- 
pose, as well as to further elucidate the problems and pitfalls 
associated with the phase-display technique. 
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Thrombosis of the Splanchnic 
Veins: CT Diagnosis 





Fourteen patients had mesenteric, portal, or splenic venous thrombosis that was 
diagnosed primarily by contrast-enhanced CT. The group included five patients with 
coagulopathy, three with pancreatic carcinoma, two with cirrhosis and portal hyperten- 
sion, one with pancreatitis, and one with hepatocellular carcinoma. In two patients, no 
etiology was determined. In all cases, CT easily identified low-density venous throm- 
bosis, which frequently involved more than one vein. In four patients, all three splanchnic 
veins were involved; five patients had occlusion of two veins. In five patients, only one 
vein was involved. Additional CT findings included ascites, collateral veins, hepatomeg- 
aly, and splenomegaly. No venous wall enhancement was found. CT also was helpful in 
defining the cause of thrombosis in six of 14 patients. Mesenteric edema and/or bowel 
wall thickening was not identified. None of the patients had classic clinical evidence of 
splanchnic venous occlusion, and none died primarily of that disease. The major 
morbidity suffered by these patients stemmed from complications of splanchnic venous 
occlusion, and nine patients ultimately required sclerotherapy, splenectomy, and portal 
decompression. 

We conclude that CT is useful in the diagnosis of splanchnic venous thrombosis. Our 
experience suggests that mesenteric, splenic, and/or portal venous thrombosis may 
occur more commonly than has been previously thought and that the disease in many 
cases is not life threatening. 


The diagnosis of splanchnic venous thrombosis is difficult because of the protean 
Clinical manifestations and diverse causes of this disorder. Prompt detection is 
important because portal and mesenteric venous thrombosis accounts for between 
5% and 15% of all cases of mesenteric vascular ischemia, and an estimated 
mortality rate of 20% [1, 2]. The definitive, nonsurgical diagnosis of portal, splenic, 
and superior mesenteric venous thrombosis traditionally has been established by 
arterial portography, splenoportography, and/or transhepatic portography [3-5]. 
These, however, are invasive, costly, and time-consuming procedures that usually 
are performed only when there is significant clinical suspicion of venous thrombosis. 
There are scattered case reports and small series in the literature that suggest that 
cross-sectional imaging techniques also may be useful in the diagnosis of mesen- 
teric and portal venous thrombosis [6-9]. In this paper, we discuss our experience 
with contrast-enhanced CT in the study of 14 patients with splanchnic venous 
thrombosis. 


Subjects and Methods 


The clinical records of all patients in whom CT studies first established the diagnosis of 
portal, splenic, and/or superior mesenteric venous thrombosis and who were seen at 
Northwestern Memorial Hospital from March 1984 through May 1986 were reviewed. The 
group included 11 men and three women ranging in age from 21 to 72 years. The causes of 
the venous thrombosis included coagulopathy resulting from protein C deficiency, oral 
contraceptive use, excessive factor VIII administration, or sepsis (five patients); pancreatic 
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carcinoma (three patients); cirrhosis and portal hypertension (two 
patients); pancreatitis (one patient); and hepatocellular carcinoma 
(one patient). The underlying cause was established by surgery in 
five patients, by laboratory data (mainly coagulation abnormalities) in 
three patients, by percutaneous biopsy in three patients, and by 
Clinical history in one patient. In two patients, the cause could not be 
determined, despite an extensive clinical and laboratory evaluation. 

CT scans were performed on a General Electric CT/9800 unit using 
a scan time of 2 sec with contiguous 10-mm sections through the 
abdomen. Additional 5-mm sections often were obtained through the 
region of interest. All scans were performed after the administration 
of oral and IV contrast material. IV contrast material was administered 
as a bolus of 50 ml of 60% contrast (Conray 325, Mallinckrodt, St. 
Louis, MO) followed by a rapid infusion of 300 ml of 30% contrast 
(Conray 30, Mallinckrodt). Precontrast scans were not obtained. In 
six patients, the CT diagnosis of venous occlusion was confirmed by 
angiographic procedures when arterial portography or splenoportog- 
raphy showed occlusion or filling defects within the involved vessels. 
Three had the diagnosis documented surgically by direct inspection, 
and one patient with hepatocellular carcinoma had CT biopsy of 
tumor within the portal vein. In four others, CT findings, laboratory 
data, and clinical course alone were considered sufficiently charac- 
teristic to establish the diagnosis. 

Two authors reviewed the CT findings. The CT scans were eval- 
uated for the presence and location of venous thrombosis, the 
presence of collateral venous channels, splenomegaly, hepatomeg- 
aly, and ascites. The intensity of venous wall enhancement was also 
noted and was compared with the walls of other nonthrombosed 
veins, such as the vena cava. Scans also were reviewed for their 
ability to show the cause of venous thrombosis and other associated 
abnormalities. 


Results 


A summary of the CT findings in all groups of patients is 
contained in Table 1. Overall comparison of findings in the 
various groups showed virtually no differences in the spec- 
trum of CT findings associated with venous thrombosis. Low- 


TABLE 1: CT Findings in Splanchnic Venous Thrombosis 
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density thrombus was identified within the involved veins in 
all 14 patients. Involvement of multiple veins was common 
and was seen in nine patients (Fig. 1). Four patients had three 
thrombosed veins, and five had two veins involved (three with 
mesenteric and splenic thrombosis, one with mesenteric and 
portal thrombosis, and one with splenic and portal thrombo- 
sis). The three splanchnic veins were involved with similar 
frequency, and collateral vessels also were commonly seen 
(12 patients) (Fig. 2). Splenomegaly was present in seven 
(50%) of the 14 patients, while ascites and hepatomegaly 
were present in four and two patients, respectively. 

In six patients the cause of venous occlusion was correctly 
determined by CT, including all four with tumor (Figs. 3 and 
4) and two others with either cirrhosis or pancreatitis. 

In the evaluation of wall enhancement, the thinness of the 
involved vein wall precluded the use of numeric determination 
of the attenuation coefficient of the wall, but careful visual 
comparison of the intensity of wall enhancement between 
involved and uninvolved veins indicated no differences; in all 
cases we found no venous wal! enhancement (Figs. 1B, 2, 
and 3B). 


Discussion 


Splanchnic venous thrombosis is an uncommon disorder 
caused by a variety of different conditions including cirrhosis, 
pancreatitis, neoplasm, coagulopathy, sepsis, splenectomy, 
and other abdominal surgery [1, 2, 10, 11]. Clinically, the 
patients may have either acute or chronic abdominal pain, 
fever, leukocytosis, hematochezia, or ileus or bowel infarction, 
but they also may be relatively asymptomatic. The diagnosis 
of this disorder has been difficult and traditionally has relied 
on angiography [3-5]. 

Recent reports have documented the utility of CT in diag- 
nosing this condition and have emphasized the basic findings 
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Cause of Thrombosis 





CT Findings Pancreatic 
Goagulopathy Carcinoma 
Total No. of patients 5 3 
Clot visualized 5 3 
Veins involved (according to CT 
results) 

Splenic 4 2 

SMV 5 2 

Portal 4 1 
Number of veins involved 

1 vein 0 2 

2 veins 2 0 

3 veins 3 1 
Accentuated enhancement of 

venous wall 0 0 

Collateral veins present 4 3 
Cause determined by CT 0 3 
Splenomegaly 3 0 
Hepatomegaly 1 0 
Ascites 3 0 


Note.—HCC = hepatocellular carcinoma; SMV = superior mesenteric vein. 


Cirrhosis and 








Portal Pancreatitis HCC Unknown Total 
Hypertension 
2 1 1 2 14 
2 1 1 2 14 
1 1 0 0 8 
1 0 1 2 "1 
1 0 1 1 8 
1 1 0 1 5 
1 0 1 1 5 
0 0 0 0 4 
0 0 0 0 0 
2 1 1 1 12 
1 1 1 0 6 
2 1 0 1 7 
1 0 0 0 2 
1 0 0 0 4 
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Fig. 1.—CT scans show extensive mesenteric 
venous thrombosis as a result of excessive fac- 
tor Vill administration after splenectomy. 

A, Scan at level of pancreas (straight arrows) 
shows low-density thrombus within splenic vein 
(asterisk) and superior mesenteric vein (curved 
arrow). 

B, Scan at a lower level shows characteristic 
appearance of venous thrombosis. Note low- 
attenuation central filling defect (straight arrow) 
with venous wall (curved arrow) showing en- 
hancement similar to that in other large abdom- 
inal veins. 


























Fig. 2.—CT scans show portal and superior 
mesenteric venous thrombosis caused by diver- 
ticulitis and sepsis. 

A, Low-density thrombus within main portal 
vein (short straight arrow). Note periportal col- 
lateral veins (curved arrow). 

B, Scan at level of mesenteric confluence. 
Splenic vein (asterisk). Low-density thrombus 
extends into superior mesenteric vein (arrow). 


Fig. 3.—CT scans show pancreatic carcinoma. Fig. 4.—CT scan shows hepatocellular carci- 
A, Scan at level of pancreatic head shows irregular mass (asterisk) with superior mesenteric noma with tumor thrombus within portal vein. 
venous clot (arrow). Small, irregular, low-density mass in right lobe 


B, Magnified view of scan through mesentery shows low-density thrombus within superior (white arrows). Branching central low-attenuation 
mesenteric vein (/arge straight arrow) as well as thrombus extending into a branch (small curved tumor thrombus (black arrowheads) fills central 
arrows). Wall enhancement is accentuated by contrast with adjacent mesenteric fat but is no greater portal vein. 
than in other vessels. 
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of low-attenuation intraluminal clot sharply outlined by a ve- 
nous wall that is perceived as being of increased density 
[6-9, 12, 13]. Other signs include enlargement of the affected 
vein, bowel wall thickening, and mesenteric edema in cases 
of superior mesenteric venous occlusion with infarction or 
impending infarction [14-16]. Occasionally, the presence of 
venous collaterals also has been noted [15, 17]. 

Our findings in this relatively diverse group of patients 
parallel and amplify the experience of others (with a few 
exceptions). The frequency of multiple vein involvement was 
higher in our study than in most studies reported in the 
literature, although one group [17] indicated that 11 of their 
17 patients had “other contiguous veins” involved; these 
authors did not specify which veins were involved or how 
many. Additionally, our findings show that the venous wall 
contrast enhancement seen in splanchnic venous thrombosis 
is in fact normal and is not an indication of increased prolif- 
eration of vasa vasorum or hyperemia, as others have sug- 
gested [17]. The visual perception of increased wall enhance- 
ment is related to contrast between the low-density thrombus 
and the wall; the finding is more marked when the vessel is 
surrounded by mesenteric fat (Fig. 3B) than when it is sur- 
rounded by other enhanced structures such as pancreatic 
parenchyma (Fig. 2B). 

None of our patients showed evidence of bowel wall thick- 
ening or mesenteric edema, which has been associated with 
either frank superior mesenteric venous infarction or severe 
ischemia related to venous occlusion [14-16]. None of the 11 
patients who had superior mesenteric venous thrombosis had 
significant abdominal pain, but rather they usually had vague 
localizing signs and symptoms and, except for three who died 
of malignancy, the patients are still alive. Seven of the 11, 
however, experienced significant morbidity related to mes- 
enteric and/or portal occlusion, such as recurrent variceal 
bleeding or ascites, that required sclerotherapy or surgical 
portal decompression. This discrepancy between our clinical 
experience and that of others was also noted by Rosen et al. 
[6] and is probably due to the fact that CT scanning of the 
abdomen is now frequently performed in many clinical situa- 
tions in which mesenteric venous thrombosis may be an 
incidental secondary finding. In addition, the widespread use 
of fast scanners with excellent spatial and contrast resolution 
makes the detection of such thrombi easier and more likely. 
There is, however, good evidence that mesenteric venous 
thrombosis can occur without severe clinical sequelae. John- 
son and Baggenstoss [10] correlated intestinal infarction with 
the degree of mesenteric occlusion and showed that in cases 
in which only the superior mesenteric vein and its larger 
tributaries were thrombosed, intestinal infarction was uncom- 
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mon. When small veins (vasa rectae and venous arcades) 
were involved, infarction inevitably occurred. 

Splenic vein thrombosis, on the other hand, is never con- 
sidered a life-threatening condition, but it can cause hyper- 
splenism and isolated gastric varices [18]. Three of our pa- 
tients had splenic vein occlusion, two with isolated splenic 
vein thrombosis and one in combination with portal occlusion. 
In this group there was some morbidity (one patient with 
hypersplenism required splenectomy), but overall the condi- 
tion itself was quite benign. 

In conclusion, CT was capable of defining splanchnic ve- 
nous thrombosis; however, we did not directly compare the 
efficacy of CT with that of angiography and therefore did not 
determine the sensitivity of CT. 
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Barrett’s Esophagus: Diagnosis by 
Double-Contrast Esophagography 





A blinded, retrospective study was performed to determine the role of double-contrast 
esophagography in diagnosing Barrett’s esophagus. The study group consisted of 200 
patients who had double-contrast esophagrams and endoscopy because of severe 
reflux symptoms. The radiographs were reviewed by two gastrointestinal radiologists 
who had no knowledge of the endoscopic findings. Patients were classified as being at 
high risk for Barrett’s esophagus if the radiographs revealed a high stricture or ulcer or 
a reticular mucosal pattern; at moderate risk if the radiographs revealed a distal peptic 
stricture and/or reflux esophagitis; and at low risk if none of the aforementioned findings 
were present. When these radiologic criteria were used, 10 patients (5%) were thought 
to be at high risk, 73 (37%) at moderate risk, and 117 (58%) at low risk for Barrett’s 
esophagus. Endoscopic correlation revealed biopsy-proved Barrett’s mucosa in nine 
(90%) of 10 patients at high risk, in 12 (16%) of 73 at moderate risk, and in only one 
(1%) of 117 at low risk for Barrett’s esophagus. Thus, endoscopy is clearly indicated for 
patients in the high-risk group. Because of the lower prevalence of Barrett’s esophagus 
in the moderate-risk group, clinical judgment should be used in deciding when to 
perform endoscopy in these patients. However, most patients were in the low-risk group, 
and the prevalence of Barrett’s esophagus was so low in this group that endoscopy 
does not appear to be warranted. 

Thus, the major value of double-contrast esophagography is its ability to separate 
patients into high-, moderate-, and low-risk groups for Barrett’s esophagus to determine 
the relative need for endoscopy and biopsy. 


Barrett's esophagus is a well-recognized condition in which there is progressive 
columnar metaplasia of the distal esophagus caused by long-standing gastroesoph- 
ageal reflux and reflux esophagitis [1-5]. It is unclear why some patients with 
reflux esophagitis develop Barrett's esophagus and others do not. Nevertheless, 
Barrett's esophagus is considered a premalignant condition and is associated with 
a significantly increased risk of developing adenocarcinoma [6-15]. As a result, 
periodic endoscopic surveillance has been advocated for early detection of cancer 
in these patients [6-15]. 

The classic radiologic features of Barrett's esophagus are a high esophaceal 
Stricture or ulcer associated with a hiatal hernia and/or gastroesophageal reflux [1, 
16-18]. However, recent studies have found that strictures are actually more 
common in the distal esophagus and that the majority of cases do not fit the classic 
description of a high stricture or ulcer [19-21]. A reticular mucosal pattern has also 
been described as a highly specific sign of Barrett's esophagus on double-contrast 
esophagography [22], but this finding is only present in a minority of cases [18, 
20-23] and its specificity has been questioned [18, 24]. Other, more common 
findings in Barrett's esophagus, such as gastroesophageal reflux, hiatal hernias, 
and reflux esophagitis, are nonspecific since they can be present in patients with 
uncomplicated reflux disease. Thus, radiographic findings that are relatively specific 
for Barrett's esophagus are not sensitive, and those that are sensitive are not 
specific. Many investigators therefore believe that esophagography has limited 
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value aS a screening examination for Barrett's esophagus 
and that endoscopy and biopsy are required to diagnose this 
condition. 

Many previous studies of Barrett's esophagus have in- 
cluded a retrospective analysis of the radiographic findings to 
determine the frequency of various abnormalities in this con- 
dition. To determine whether radiologic criteria can be used 
to quantitate the risk of Barrett's esophagus and, thus, to 
determine the relative need for endoscopic biopsies in these 
patients, we performed a blinded review of double-contrast 
esophagrams in 200 patients with reflux symptoms who 
underwent radiologic and endoscopic examinations. 


Materials and Methods 


Records of upper gastrointestinal endoscopic examinations per- 
formed at our hospital between 1980 and 1986 were reviewed 
randomly until 300 patients were identified who had had endoscopy 
because of severe reflux-related symptoms. Radiology files subse- 
quently were reviewed until 200 patients were identified who had had 
double-contrast esophagrams within 2 months of the endoscopic 
examination. Those 200 patients form the basis for this study. Ninety- 
one were men, and 109 were women. The average age was 49.3 
years (range, 19-82 years). Twelve patients had undergone previous 
antireflux operations, most frequently a Nissen fundoplication. All of 
the esophagrams were performed as biphasic examinations with 
upright double-contrast and prone single-contrast views of the esoph- 
agus, as described by Laufer [25]. The average interval between the 
radiologic and endoscopic examinations was about 4 weeks. 

The radiographs from those 200 esophagrams were reviewed 
jointly by two gastrointestinal radiologists who had no knowledge of 
the endoscopic findings. The films were assessed first to determine 
the quality of the double-contrast examination. The study was graded 
as excellent if esophageal distension was adequate, with a thin layer 
of high-density barium producing a smooth, uniform mucosal coating 
throughout the esophagus. The study was graded as poor if esoph- 
ageal distension was inadequate or if the mucosal surface was 
obscured by a thick layer of barium, undissolved effervescent agent, 
debris, or other artifacts. Studies of intermediate quality were graded 
as good or fair. 

The radiographs were evaluated for the presence or absence of a 
sliding hiatal hernia, reflux esophagitis, a mid- or distal esophageal 
stricture or ulcer, reticular mucosal pattern, and/or features of malig- 
nancy. After the radiographs had been blindly evaluated and the 
patients classified as being at high, moderate, or low risk for Barrett's 
esophagus, the original radiographic reports were then reviewed to 
determine whether spontaneous gastroesophageal reflux or abnor- 
mal motility had been present during the fluoroscopic examination. 

The radiologic criteria for diagnosing reflux esophagitis included 
ulceration, irregularity or nodularity of the mucosa, and/or thickening 
of the longitudinal folds (i.e., folds greater than 3 mm in width). 
Esophagitis was graded radiographically as mild if slight nodularity of 
the mucosa and/or fold-thickening were present, moderate if signifi- 
cant nodularity, fold-thickening, and/or superficial ulceration were 
present, and severe if a markedly irregular mucosa, grossly thickened 
folds, and/or extensive ulceration were observed. High esophageal 
or mid-esophageal strictures were defined as those 5 cm or more 
above the gastroesophageal junction; distal (i.e., peptic) strictures 
were those below this level. Strictures were classified as mild if they 
were greater than 2 cm in maximal diameter, moderate if 1-2 cm in 
diameter, and severe if less than 1 cm in diameter. Other radiographic 
features of the stricture, such as its symmetry and margins, also 
were evaluated to determine whether it had a benign or malignant 
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appearance. 

Each of the 200 patients was then classified as being at high, 
moderate, or low risk for Barrett’s esophagus on the basis of the 
following radiologic criteria. The patient was considered to be at high 
risk if the radiographs revealed a high esophageal stricture or ulcer 
or a reticular mucosal pattern, since these findings are thought to be 
highly suggestive of this condition [1, 16-18, 22]. As reported previ- 
ously, a reticular mucosal pattern was characterized radiographically 
by innumerable, tiny, barium-filled grooves or crevices on the mucosal 
surface of the esophagus, often resembling the “areae gastricae” 
seen on double-contrast studies of the stomach [22]. The patient 
was considered to be at moderate risk if the radiographs revealed a 
distal stricture and/or reflux esophagitis, since previous studies have 
shown that about 45% of patients with peptic strictures [26] and 
10% with reflux esophagitis [8, 12, 15, 27] have Barrett’s mucosa. 
Finally, the patient was considered to be at low risk if none of the 
aforementioned findings were present. 

The radiographic findings were then correlated with the endoscopic 
findings. All endoscopic examinations were performed with a GIF-K 
Olympus endoscope (Olympus, New Hyde Park, NY). The endoscopy 
reports were reviewed to determine whether there was endoscopic 
evidence of reflux esophagitis, strictures, or other abnormalities. 
When present, esophagitis and strictures were graded as mild, mod- 
erate, or severe on the basis of the endoscopic description. In 
addition, esophageal biopsy specimens were available for review by 
an experienced gastrointestinal pathologist in 66 cases. Barrett's 
esophagus was diagnosed in 21 of those cases, as defined histolog- 
ically by Paull et al. [28]. The diagnostic criteria for Barrett's esoph- 
agus included (1) the presence of columnar epithelium in biopsies 2 
cm or more above the gastroesophageal junction or 2 cm or more 
above a manometrically identified lower esophageal sphincter in the 
presence of a hiatal hernia; (2) the presence of intestinal metaplasia 
in biopsies from any part of the esophagus; and (3) the presence of 
junctional epithelium in biopsies of tissue from the distal esophagus 
(taken an unknown distance from the gastroesophageal junction) 
when biopsies from a second endoscopic examination several months 
earlier or later fulfilled either of the first two criteria for Barrett's 
esophagus. In one other patient in whom endoscopic biopsies were 
not obtained, a presumptive diagnosis of Barrett's esophagus was 
made because of the endoscopic finding of velvety, pinkish-red 
tongues of mucosa extending more than 2 cm above the gastro- 
esophageal junction. In the remaining 133 patients who had no 
endoscopic biopsies, no evidence of Barrett’s esophagus was ob- 
served endoscopically. Some cases of Barrett's esophagus could 
conceivably have been missed in this group, since biopsies were not 
obtained. However, previous studies have shown that endoscopy 
has a sensitivity of greater than 90% in diagnosing Barrett's esoph- 
agus, solely on the basis of the endoscopic appearance [29, 30]. 


Results 
Radiographic Findings 


The quality of the double-contrast examination was graded 
as excellent in 83 patients (42%), as good in 69 (34%), as fair 
in 41 (20%), and as poor in seven (4%). Sixty-one patients 
had radiologic evidence of reflux esophagitis; 24 of those 
patients also had strictures. Twenty-two other patients had 
strictures without active esophagitis. The remaining 117 pa- 
tients had no evidence of esophagitis or strictures. The radio- 
graphic findings are summarized in Table 1. 
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TABLE 1: Radiographic Findings in 200 Patients with 
Reflux Symptoms 





No. of 
Finding Patients 
(%) 

Hiatal hernia 83 (41.5) 
Gastroesophageal reflux 73 (36.5) 
Reflux esophagitis 61 (30.5) 
Nodular mucosa 46 (23.0) 
Ulceration 27 (13.5) 
Thickened folds 23 (11.5) 
Stricture 46 (23.0) 
Mid 9 (4.5) 
Distal 37 (18.5) 
Abnormal motility 25 (12.5) 
Reticular mucosal pattern 4 (2.0) 





Correlation of Radiographic and Endoscopic Findings 


The overall radiologic sensitivity in diagnosing reflux esoph- 
agitis was 52% (53/102) for all grades of esophagitis, 71% 
(32/45) for moderate or severe esophagitis, and 85% (17/20) 
for severe esophagitis (Table 2). At the same time, the radio- 
logic specificity in diagnosing reflux esophagitis was 92% (90/ 
98). Endoscopy detected only 43% (20/46) of all radiograph- 
ically diagnosed strictures (Table 3). At the same time, endos- 
copy failed to detect a single stricture not seen on esopha- 


gography. 


Radiographic Assessment of Barrett's Esophagus 


Ten patients (5%) were thought to be at high risk for 
Barrett's esophagus on esophagography because of a high 
stricture in nine (Figs. 1A and 1B) and a high ulcer in one. 
Four of those patients had a reticular mucosal pattern adja- 
cent to the distal aspect of the stricture (Fig. 1B). Endoscopy 
and biopsy confirmed the presence of Barrett's esophagus in 
nine of those 10 cases (90%). The remaining patient with a 
high stricture and reticular mucosal pattern had biopsy-proved 
squamous-cell carcinoma. Seventy-three other patients (37%) 
were thought to be at moderate risk for Barrett's esophagus: 
in 15, because of a stricture in the distal esophagus without 
esophagitis (Fig. 2); in 35, because of reflux esophagitis 
without a stricture (Fig. 3); and in 23, because of reflux 
esophagitis as well as a distal stricture. Endoscopic biopsies 
confirmed the presence of Barrett’s esophagus in 12 (16%) 
of those 73 cases. The remaining 117 patients (58%) were 
thought to be at low risk for Barrett's esophagus because of 
the absence of esophagitis or strictures on esophagography. 
Although endoscopy revealed esophagitis in 49 of those 117 
cases, 46 were mild or moderate and only three were severe. 
Endoscopic biopsies revealed Barrett's esophagus in one of 
those three patients with severe reflux esophagitis. In that 
patient, however, the double-contrast esophagram was 
thought to be of only fair quality because of a thick layer of 
barium that obscured mucosal detail in the distal esophagus. 
In the other 116 patients, no endoscopic evidence of Barrett's 
mucosa was found. 
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TABLE 2: Correlation of Radiographic and Endoscopic Findings 
in Diagnosing Reflux Esophagitis 

SE e o 
Findings on Endoscopy 


Findings on 
Esophagography None Mild Moderate Severe 
None 90 36 10 3 
Mild 4 19 9 7 
Moderate 4 2 6 0 
Severe 0 0 0 10 





TABLE 3: Correlation of Radiographic and Endoscopic Findings 
in Diagnosing Strictures 





Findings on Endoscopy 


Findings on 
Esophagography None Mild Moderate Severe 
None 154 0 0 0 
Mild 10 6 0 0 
Moderate 19 1 7 0 
Severe 1 0 0 





A 


Fig. 1.—A and B, Double-contrast esophagrams show mid-esophageal 
strictures (arrows) in two patients classified as being at high risk for 
Barrett’s esophagus. Also note reticular mucosal pattern adjacent to reta- 
tively early stricture (arrows) in patient in B. Both patients had endoscop- 
ically proved Barrett’s esophagus. 


If a positive diagnosis of Barrett's esophagus is made in all 
patients who are at high or moderate risk for this condition 
on esophagography, our overall radiologic sensitivity is 95% 
(21/22), but our specificity is only 65% (116/178). If these 
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A B 


Fig. 2.—A and B, Double-contrast esophagrams show smooth peptic 
strictures (arrows) in distal esophagus without active esophagitis in two 
patients classified as being at moderate risk for Barrett’s esophagus. 
Endoscopy confirmed presence of stricture in both patients, but endo- 
scopic biopsies revealed Barrett’s mucosa only in patient in A. 





A B 


Fig. 3.—A and B, Double-contrast esophagrams show reflux esophagitis 
with nodular, irregular mucosa and thickened folds in distal third of esoph- 
agus in two patients classified as being at moderate risk for Barrett’s 
esophagus. Endoscopy confirmed presence of reflux esophagitis in both 
patients, but endoscopic biopsies revealed Barrett’s mucosa only in patient 
in A. 
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criteria are used, the positive predictive value of the radiologic 
examination is only 25% (21/83), but the negative predictive 
value is 99% (116/117). If, however, Barrett’s esophagus is 
only diagnosed in patients who are at high risk for this 
condition on esophagography, our specificity increases to 
99% (177/178), but our sensitivity decreases to 41% (9/22). 


Radiographic Assessment of Adenocarcinoma 


Four patients who were at high risk for Barrett's esophagus 
because of a high esophageal stricture had additional radio- 
graphic findings suspicious for a superimposed adenocarci- 
noma. In all four cases, asymmetry of the stricture and/or 
nodularity or irregularity of the adjacent mucosa were ob- 
served. The presence of malignancy was confirmed endo- 
scopically in only one of these cases. However, this case 
proved to be a squamous-cell carcinoma rather than an 
adenocarcinoma in Barrett's esophagus. The patient had a 
superficial spreading lesion that was mistaken radiographi- 
cally for the reticular pattern of Barrett's mucosa. 

Seven other patients who were at moderate risk for Bar- 
rett's esophagus on esophagography had additional radio- 
graphic findings that were considered equivocal for a super- 
imposed malignancy. Only one of those seven patients had 
histologically proved adenocarcinoma arising in Barrett's mu- 
cosa. The latter patient had an irregular stricture in the distal 
esophagus. An associated adenocarcinoma was suspected 
because of asymmetry, overhanging margins, and ulceration 
within the stricture. 


Discussion 


Barrett's esophagus is a well-recognized condition in which 
the normal squamous epithelium in the esophagus has been 
replaced by a columnar epithelial lining owing to chronic reflux 
esophagitis [1-5]. Recent data suggest that this condition is 
more common than has previously been recognized. In var- 
ious studies, the prevalence of Barrett's esophagus in pa- 
tients with reflux esophagitis has ranged from 8% to 20%, 
with an overall prevalance of about 10% [8, 12, 15, 27]. In 
our study, Barrett's esophagus was detected in 11% of 
patients (22/200) who underwent endoscopy for reflux-related 
symptoms. However, this figure may be skewed in favor of 
Barrett's esophagus, since all of our patients had reflux 
symptoms severe enough to warrant both radiologic and 
endoscopic examinations. 

Barrett’s esophagus is important because it is a premalig- 
nant condition in which the risk of developing adenocarcinoma 
is perhaps 30-40 times greater than it is in the general 
population [31, 32]. It is widely believed that adenocarcinoma 
evolves through a sequence of progressively severe epithelial 
dysplasia, carcinoma-in-situ, and invasive carcinoma in preex- 
isting areas of columnar metaplasia. In recent studies, the 
prevalence of adenocarcinoma in patients with Barrett's 
esophagus has ranged from 2.4% to 46.5%, with an overall 
prevalence of about 15% [6, 8, 12, 15, 33-35]. Prevalence 
data may exaggerate the risk of cancer [31, 32], since most 
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patients with Barrett's esophagus do not seek medical atten- 
tion until complications such as ulcers, strictures, or malig- 
nancy develop. Nevertheless, many investigators advocate 
periodic endoscopic surveillance with biopsy and cytology at 
6-month or yearly intervals for early detection of cancer in 
Barrett's esophagus [6-15]. 

The classic radiologic features of Barrett's esophagus con- 
sist of a high esophageal stricture or ulcer, often associated 
with a sliding hiatal hernia and gastroesophageal reflux [1, 
16-18]. Although these findings should be highly suggestive 
of Barrett's esophagus, they are found in only 28-48% of 
patients with this condition [18-22]. A reticular mucosal pat- 
tern also has been described as a relatively specific sign of 
Barrett's esophagus on double-contrast esophagography, 
particularly if located adjacent to a stricture [22]. However, 
this finding has been observed in only 5-30% of patients with 
Barrett's esophagus [18, 20-24]. Similarly, in our study, a 
high stricture or ulcer or a reticular mucosal pattern were 
present on double-contrast esophagography in only nine 
(41%) of 22 patients with this condition. Thus, esophagogra- 
phy is an inadequate screening examination for Barrett's 
esophagus when the diagnosis is restricted to patients who 
have the classic radiologic features of this condition. 

Because Barrett's esophagus develops as the sequela of 
long-standing reflux esophagitis, it is not surprising that these 
patients often have radiologic evidence of hiatal hernias, 
gastroesophageal reflux, reflux esophagitis, and peptic stric- 
tures [17-23]. However, these radiologic findings may occur 
without associated Barrett's metaplasia. As a result, inclusion 
of these findings as criteria for Barrett's esophagus increases 
the sensitivity of the radiologic examination but decreases its 
specificity, so that many patients would be referred unnec- 
essarily for endoscopy and biopsy [23]. Thus, esophagogra- 
phy is thought to have limited value in diagnosing this condi- 
tion. 

In our study, however, patients were classified radiograph- 
ically as being at high, moderate, or low risk for Barrett's 
esophagus. Ninety percent of patients (9/10) who were 
thought to be at high risk for Barrett's esophagus because of 
a high stricture or ulcer or reticular mucosal pattern had 
pathologically proved Barrett’s mucosa (Fig. 1). However, 
only 5% of all patients in the study group were placed in this 
category. A much larger group of patients (37%) were thought 
to be at moderate risk for Barrett's esophagus because of 
reflux esophagitis and/or distal peptic strictures (Figs. 2 and 
3). Only 16% (12/73) in this category had Barrett's mucosa. 
However, the majority of patients (58%) were thought to be 
at low risk for Barrett's esophagus because of the absence 
of esophagitis or strictures. Only one of 117 patients (less 
than 1%) in this category had Barrett's esophagus on endos- 
copy. This patient had a suboptimal double-contrast exami- 
nation because pooling of barium in the distal esophagus 
obscured mucosa! detail. Because the predictive value of a 
negative esophagram (i.e., patients who were at low risk 
radiographically for Barrett's esophagus) was greater than 
99%, our experience suggests that unnecessary endoscopy 
could be avoided in patients who have no evidence of esoph- 
agitis or strictures on double-contrast examinations. 
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Because endoscopy is a considerably more expensive pro- 
cedure than double-contrast radiography, significant financial 
savings could result from screening these patients with eso- 
phagography rather than with esophagoscopy. At our hospi- 
tal, the fee for a double-contrast esophagram is $135, 
whereas the fee for esophagoscopy is between $425 and 
$550, depending on the number of biopsies taken. In our 
study, the total cost of performing radiologic examinations on 
200 patients with reflux symptoms was $27,000. Because 
esophagoscopy was required for 83 patients who were at 
moderate or high risk for Barrett's esophagus on barium 
studies, the additional cost for performing endoscopy on 
these patients was about $40,000, and the total cost was 
about $67,000. In contrast, the cost for performing esopha- 
goscopy on these 200 patients was about $100,000. Thus, 
the cost for performing double-contrast esophagography as 
a screening examination with follow-up esophagoscopy in 
selected cases is about one-third less than that of performing 
endoscopy as the initial examination in these patients. On a 
national scale, the economic implications are enormous. 

It has been documented previously that endoscopy is more 
sensitive than double-contrast esophagography in detecting 
reflux esophagitis [36-39]. However, most false-negative 
radiologic examinations occur in patients who have mild or 
moderate esophagitis, whereas severe esophagitis is rarely 
missed on esophagography [36-39]. In our study, the overall 
radiologic sensitivity in diagnosing reflux esophagitis was only 
53%, but most cases of reflux esophagitis missed radiograph- 
ically were mild, and only one patient whose esophagitis was 
missed on esophagography had Barrett’s esophagus. Thus, 
our study suggests that esophagitis severe enough to cause 
Barrett's esophagus almost always can be detected on tech- 
nically adequate double-contrast examinations. 

Other patients with Barrett's esophagus may have peptic 
strictures without esophagitis [26]. Although severe peptic 
strictures are readily detected on both radiologic and endo- 
scopic examinations, low-grade strictures actually may be 
easier to diagnose on esophagography [40]. In our study, 
63% of mild or moderate radiologic strictures were missed 
on endoscopy, but no endoscopic strictures were missed on 
esophagography. 

In summary, we believe that patients should be classified 
radiographically into high-, moderate-, and low-risk groups for 
Barrett's esophagus on double-contrast esophagography. 
Patients who are at high risk for Barrett's esophagus because 
of a high stricture or ulcer or a reticular mucosal pattern 
almost always have this condition, so that endoscopy and 
biopsy should be performed for a definitive diagnosis. A larger 
group of patients are at moderate risk for Barrett's esophagus 
because of reflux esophagitis or peptic strictures, so that 
clinical judgment should be used regarding the decision for 
endoscopy in this group based on the severity of reflux 
symptoms, age, and overall health of the patient. However, 
the majority of patients have no evidence of esophagitis or 
strictures, and the risk of Barrett's esophagus is so low in 
this group that endoscopy does not appear to be warranted. 
Thus, the major value of double-contrast esophagography is 
its ability to separate patients into high-, moderate-, and low- 
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risk groups for Barrett's esophagus to determine the relative 
need for endoscopy and biopsy in these patients. 
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Case Report 





Electrical Injury in the Esophagus 


Michael E. Flisak’ and Scott Berman 


Esophageal strictures are nonspecific abnormalities for 
which numerous possible causes exist. Traumatic strictures 
most frequently result from caustic ingestion. This report 
describes an additional unusual cause of an esophageal stric- 
ture—electrical injury—that has not been reported previously. 


Case Report 


A 34-year-old male cocaine abuser was admitted complaining of 
odynophagia after a suicide attempt. During an attempted self-elec- 
trocution, the patient swallowed the cut end of an electrical cord and 
then plugged the other end into a wall socket. 


Fig. 1.—A, Gastrografin esophagram at time 
of admission, anteroposterior view. Eccentric 
area of irregular narrowing along right lateral 
esophageal wall is seen at level of C7-T1 (ar- 
rows). 

B, Follow-up barium esophagram. Short, web- 
like stricture has formed at site of esophageal 
injury (straight arrows). Feeding tube is in place 
(curved arrow). 


Received July 15, 1987; accepted after revision August 18, 1987. 





A Gastrografin swallow (Squibb, Princeton, NJ) was performed 
before endoscopy to rule out perforation (Fig. 1A). This revealed 
mucosal irregularity along the lateral esophageal wall at the leve! of 
C7-1T1. There was no extravasation of contrast material. Endoscopy 
revealed charred and inflamed mucosa on the lateral and anterior 
esophageal walls distal to the cricopharyngeus. 

Treatment during hospitalization consisted of gastrostomy tube 
placement, stenting of the injured site, and parenteral administration 
of steroids and antibiotics. The patient was discharged after 2 weeks 
in satisfactory condition with the tube in place. 

Four weeks after discharge from the hospital, the patient com- 
plained of worsening dysphagia. An esophagram showed a weblike 
stricture at the site of previous injury (Fig. 1B). Repeated attempts at 
dilatation of this area failed to provide symptomatic relief. Resection 
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of the stricture with primary end-to-end anastomosis was successful, 
and the patient has been asymptomatic over a 3-month follow-up 
period. 


Discussion 


An esophageal stricture is a nonspecific radiographic or 
endoscopic finding. Most commonly, it represents a fibrotic 
area that arises in response to an inflammatory or neoplastic 
stimulus. Although most are of benign etiology, neoplastic 
causes must also be considered, especially when the stricture 
is atypical in appearance. 

In most cases, a carefully taken history will elicit the prob- 
able cause of the stricture. Occasionally, endoscopy and 
biopsy are indicated, especially to differentiate an unusual 
stricture from a neoplastic lesion [1]. 

A single previous case of electrical injury to the esophagus 
has been reported as a complication of esophageal temper- 
ature monitoring during general anesthesia [2, 3]. In this case, 
however, radiographic studies were not done, and esopha- 
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geal stricture did not occur. Electrodes have been developed 
for transesophageal atrial pacing. In animal studies, pill elec- 
trodes can cause esophageal mucosal injury when current 
levels greater than 75 mA are applied over a relatively short 
time span (i.e., less than 30 min) [4]. To our knowledge, there 
are no reports of esophageal injury due to their use in humans. 
In our case, the current was applied for only a fraction of a 
second, but the current level was probably between 15 and 
20 A. 
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Case Report 





Enteroliths in a Continent lleostomy 


Emily R. Fox,' Taylor Chung, and Igor Laufer 


During the past 20 years, much progress has been made 
in creating ileostomies that function well in patients who have 
had a panproctocolectomy. In 1967, Kock [1] designed an 
internal ileal reservoir with a nipple valve to maintain con- 
tinence in these patients. The Kock pouch reservoir can be 
emptied easily by means of intermittent intubation [1]. In an 
extensive review of 479 patients, Goldman and Rombeau [2] 
found that 80% maintained continence. A major complication 
associated with the pouch ileostomy is bacterial overgrowth 
and stasis, a condition that is clinically characterized by 
increased output, cramping, and nausea and vomiting. In our 
patient, the formation of enteroliths was complicated by re- 
current episodes of stasis and bacterial overgrowth. Surgical 
removal of the concretions was necessary before the patient's 
symptoms resolved. 


Case Report 


A 39-year-old woman had severe pancolitis from ulcerative colitis 
for which she underwent a total colectomy and Kock pouch ileostomy 
in 1978. At the time of her admission, she had a 3-month history of 
diarrhea (with increased output) and abdominal cramps, and a weight 
loss of approximately 20 Ib. (9 kg). These symptoms were attributed 
to a bacterial overgrowth in the pouch reservoir, but only transient 
relief was obtained when metronidazole was given. When the medi- 
cation was discontinued, the symptoms promptly recurred. 

Abdominal radiographs taken over a 6-year period from time of 
surgical formation of the continent ileostomy revealed the slow de- 
velopment of calcifications in the pelvis that gradually had increased 
in size and number (Fig. 1A). A barium study showed residual fluid 
and multiple freely mobile enteroliths of varying size and configuration 
(Fig. 1B). 


Endoscopy revealed an erythematous, exudative, boggy mucosa 
with a friable surface. Enteroliths were observed, and a fragment was 
removed. Infrared spectroscopy showed the fragment to be com- 
posed of calcium hydroxyapatite salts and proteinaceous material. 

The patient continued to have abdominal discomfort and increased 
ileostomy output despite repeated courses of metronidazole therapy. 
Surgical exploration of the Kock pouch revealed approximately 15 
enteroliths ranging in size from 5 to 12 mm, many intimately associ- 
ated with embedded mural sutures (Fig. 1C). 

Since the surgical removal of the enteroliths 10 months ago, the 
patient has remained continent and asymptomatic. 


Discussion 


Enteroliths may be divided into two categories—primary 
and secondary—depending on their site of formation. Primary 
enteroliths form within the bowel lumen proper, whereas 
secondary enteroliths (such as gallstones) are formed outside 
the gastrointestinal tract and erode into the bowel lumen. 
Primary enterolith formation requires stasis (usually from a 
degree of obstruction) and the alkaline milieu of the succus 
entericus, which is composed of calcium phosphate, carbon- 
ate, and oxalate salts [3]. The concretions may be purely 
calcific precipitates of the succus entericus, or formation may 
be initiated by nidi, such as ingested vegetable fiber or other 
foreign bodies. Our case is an example of enterolith formation 
induced by undigested vegetable matter and nonabsorbable 
suture material. We postulate that the patient's continent 
stoma and small-caliber intubation catheter provided a func- 
tional stenosis, allowing dietary fiber residue and suture ma- 
terial to accumulate and slowly calcify, forming pouch enter- 
oliths. 
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Fig. 1.—A, Enterolith formation. Plain abdominal radiograph shows radiopaque enteroliths (arrow). Surgical clips from ileal surgery and clips from a 

hysterectomy are evident. 
B, Barium study of Kock pouch. Lateral abdominal view shows multiple freely mobile filling defects within continent ileostomy reservoir. 
C, Surgically removed enteroliths vary in size and shape. A sectioned enterolith (arrow) reveals a central nidus of vegetable matter. 


Beart et al. [4] have suggested that patients with Kock 
pouches should avoid high-residue diets since high-residue 
foods have a tendency to block drainage catheters. No cases 
of catheter obstruction or bezoar formation have been de- 
scribed in a Kock pouch. However, when persistent food 
residue or foreign bodies remain in the appropriate chemical 
milieu for a prolonged period, enterolith formation is not 
unusual. 

Despite repeated courses of antibiotic therapy in this pa- 
tient, symptomatic relief was not obtained until after surgical 
removal of the enteroliths. Therefore, a critical mass of enter- 
oliths presumably had an irritative effect on the pouch mucosa 
and contributed to the obstruction of the drainage catheter, 
propagating stasis and bacterial overgrowth. Radiographic 
evaluation of the continent ileostomy by ileostomal barium 
enema has been described to evaluate architectural derange- 
ments of the pouch [5, 6]. In our case, the barium study was 
essential for localization and characterization of the calcific 
densities seen on the plain films. In retrospect, the patient 
had enteroliths 6 years before her recurrent bouts of bacterial 


overgrowth. The combination of early recognition of enterolith 
formation by careful scrutiny of plain films and barium studies, 
dietary restraints, and the use of larger intubation catheters 
may prevent the symptomatic complications of pouch enter- 
olith formation. 
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CT of the Liver: A Survey of Prevailing 
Methods for Administration of Contrast 
Material 





The members of the Society of Body Computed Tomography were surveyed to 
determine the most frequently used method of administering contrast material in CT 
studies of the liver. The respondents represented CT departments performing liver 
examinations in 22 institutions. No department relied solely on noncontrast scans. In 12 
(54%) of 22 institutions, only contrast-enhanced scans were performed. The preferred 
dose for enhancement was 150 mi of 60% contrast material. Eight (36%) of the 22 
respondents obtained images during the administration of a bolus of contrast material, 
whereas nine (41%) obtained images during the administration of a sustained drip 
infusion given after a loading bolus. Follow-up in 1987 revealed that two departments 
had switched to obtaining images during the administration of a bolus. 

The availability of CT power injectors and refinements in the rapid-scanning capabil- 
ities of CT scanners have increased the popularity of obtaining images of the liver during 
the administration of a bolus of contrast material. Despite this, in many departments, 
contrast material is still administered via drip infusion in CT studies of the liver. 


Various protocols for administration of contrast material have been used to 
provide enhancement for CT examination of the liver. Methods of administration 
include injection of a bolus, injection of a bolus followed by drip infusion, and drip 
infusion. The contrast material may be delivered by a gravity-fed IV drip, injected 
by hand, or injected mechanically. Recent investigations [1-6] have suggested that 
dynamic enhancement (i.e., rapid scanning with progressive movement of the table 
during injection of a bolus of contrast material) is superior to other procedures for 
enhancement. To assess the spectrum of techniques actually used to administer 
contrast material, we surveyed the members of the Society of Computed Body 
Tomography. 


Materials and Methods 


A 14-question survey on methods of administering contrast material in CT studies of the 
liver was sent to the 40 members of the Society of Computed Body Tomography. The Society 
had 37 members in academic departments and three in private practice at the time of the 
survey. Two questions subsequently were omitted from the tabulations because they gave 
superfluous information. A section for narrative comments was included also. 

Four members did not perform liver studies routinely and therefore did not fill out the 
questionnaire. Ten replied that another member of the Society within their department would 
respond on their behalf. Two questionnaires were not completed, so a total of 24 members 
replied to the survey. Among these 24, two duplicate responses from the same institution 
were deleted. The data reported represent the methods used in 21 academic departments 
and one private practice. The data were tabulated in 1986. A successful follow-up telephone 
call was made in 1987 to all but two of the facilities that had responded originally. 


Results 


Although no institution represented in the Society relied on noncontrast scans 
only, in five institutions, enhanced scans were performed only if a suspicious finding 
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was identified on the unenhanced images. In three depart- 
ments, both noncontrast and contrast-enhanced scans were 
always performed. The majority of respondents (12/22) per- 
formed contrast-enhanced scans only. The narrative answers 
and follow-up telephone calls revealed that three institutions 
added noncontrast scans to their usual contrast-only protocol 
when hypervascular metastases were suspected. 

The actual scanning methods used in the institutions varied 
greatly. In 17 of 22 departments, scans were performed either 
during administration of a bolus of contrast material (8/22) or 
during a drip infusion given after a loading bolus (9/22). Two 
reasons were cited for using the infusion method: (1) it did 
not require a physician in the CT suite during scanning and 
(2) it allowed the contrast injection to be prolonged so that 
the entire liver could be imaged. Only four of the respondents 
thought that a drip infusion of contrast material (without a 
loading bolus) would give adequately high levels of circulating 
contrast material. In one department, scans were performed 
immediately after a bolus of contrast material had been in- 
jected. At the time of the 1987 follow-up, two departments 
that previously had used a drip infusion were switching to 
administration via a bolus. 

The narrative responses reflected variability in the definition 
of “dynamic.” Ten respondents indicated that dynamic implied 
obtaining sections as fast as possible in a preprogrammed 
sequence with any given CT instrument, regardless of the 
method of delivery of contrst material. Eight respondents, 
however, noted that dynamic also implied that sections should 
be obtained during administration of a bolus of contrast 
material. Four respondents suggested that, irrespective of 
whether the CT scanner was set in a dynamic mode, only 
scans obtained within 2-3 min after arrival of contrast material 
in the liver should be considered dynamic, because extravas- 
cular equilibration would occur after 2-3 min. Of the nine 
respondents who obtained images during a drip infusion given 
after a loading bolus of contrast material, two actually set 
their machines in the dynamic mode for obtaining images. 

The rate and method of delivering contrast material varied 
greatly. At the time of the original survey, a hand-injected 
contrast bolus was being used in 12 institutions. In six de- 
partments a machine injector was being used. At the time of 
the 1987 follow-up, bolus injection by hand had been replaced 
by injection by a machine in three institutions. A significant 
minority (9/22) of the respondents stated that they had not 
actually determined the rate at which contrast material was 
injected. Among the 13 departments in which the rate had 
been determined, 1 ml/sec was used in six. Three depart- 
ments used an injection rate of 2 ml/sec or greater. Two 
institutions used 0.5 ml/sec, and two others used intermediate 
rates of injection. 

The total amount of contrast material used by the majority 
(11/19) of respondents was 150 ml. All but four respondents 
used 60% urographic contrast material; one used 42%, one 
used 50%, and two used some other concentration. One 
respondent used ethiodized oil emulsion-13 (EOE-13). An- 
other routinely used delayed (4 hr) scanning for dedicated 
liver examinations. Three additional respondents stated in the 
1987 follow-up that delayed scanning was a useful adjunct 
but was performed only occasionally. 
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The delay between the initiation of contrast administration 
and the initiation of scanning was highly variable, from 0 to 
60 sec. The most frequently reported delay before scanning 
was 21-45 sec (7/18). Only six of the 22 respondents com- 
plained that limitations in the heat capacity of the tube ham- 
pered their ability to scan the liver dynamically. Eight of the 
responding institutions had instruments capable of performing 
12 to 16 sections without waiting for cooling of the tube. In 
all but two of the remaining departments, more than 16 
sections could be done. Ten respondents stated that under 
some circumstances the liver could not be covered in a single 
dynamic sequence. Six of the 10 completed the examination 
of the liver nondynamically during recirculation of the contrast 
material. 

The 22 institutions surveyed had a total of 44 CT scanners. 
These included GE 9800 (15), GE 8800 (10), Siemens DR 
series (nine), Picker 600 or 1200 (five), and other scanners 
(five). Four sites added the “Quick” package to their GE 9800 
in 1987. 


Discussion 


The survey results revealed a wide variability in methods 
used to administer contrast material. Achieving high levels of 
circulating contrast during imaging was considered important 
by 17 of the 22 respondents. Although the literature [2, 3] 
States that high levels are achieved best by injection of a 
bolus, in 41% of the surveyed institutions contrast material 
was administered as a loading bolus followed by a drip 
infusion. Although this technique does result in high levels of 
circulating contrast material, prolonging the time of injection 
by using infusion carries the risk that imaging will be com- 
pleted after extracellular equilibration has occurred. This ex- 
tracellular equilibration is a significant cause of reduced lesion 
conspicuity [6]. 

More than 50% of the departments preferred a dose of 150 
ml of 60% contrast material. Only two institutions specified 
using a lower concentration of contrast material. The question 
of which rate of administration is optimal remains unresolved. 
Nine respondents had not determined the actual rate of 
administration. In six institutions, 1 ml/sec was used. The 
relative merits of specific rates of injection have not been 
discussed yet in the literature. In only six of the responding 
departments was a power injector being used at the time of 
the original survey, but this number had increased to nine by 
1987 because of the availability of dedicated CT injectors. 

Three respondents performed unenhanced scans when 
hypervascular metastatic lesions were suspected. Enhance- 
ment via a bolus of contrast material may obscure lesions 
such as those due to metastatic renal cell carcinoma or 
carcinoid [7]. Although delayed (4 hr) scanning also may be 
useful in these patients, only four respondents specifically 
mentioned ever using this valuable technique [8, 9]. 

Finally, the narrative answers suggested a variable defini- 
tion of dynamic scanning. The consensus was that two pa- 
rameters must be defined for dynamic CT of the liver: (1) the 
timing of the scan sequence and (2) the timing and method 
of contrast administration. Completion of approximately 12 to 
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16 sections, each 1 cm thick, within 2 to 3 min takes greatest 
advantage of peak levels of intravascular contrast. Some 
recent CT units can achieve this rate of exposure without 
using a preprogrammed dynamic mode (i.e., single scans with 
deferred reconstruction). Administration of a bolus of contrast 
material within this 2- to 3-min interval results in the most 
favorable pharmacokinetics for the detection of liver lesions 
[1-6]. The survey data suggested that pragmatic constraints, 
such as not being able to scan through the entire liver during 
the injection of a bolus, has prevented universal acceptance 
of this method. The narrative answers to the survey and the 
1987 follow-up suggest that the popularity of scanning during 
a sustained infusion will decrease as the rapid-scanning ca- 
pabilities of CT instruments improve. 
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Trauma Imaging in the Thorax and Abdomen. By Alexander Rosenberger, Olga B. Adler, and Rosalind H. 


Troupin. Chicago: Year Book Medical, 155 pp. 1987. $42 


This text on imaging of the thorax and abdomen after trauma 
represents a collaborative effort between workers at Rambam Med- 
ical Center in Haifa, Israel, and the Hospital of the University of 
Pennsylvania. Much of the illustrative matieral is derived from imaging 
studies of victims of combat in Lebanon. 

The text reviews trauma imaging from a brief historical perspective 
first and then considers the biomechanics of blunt and penetrating 
injury. Each subsequent chapter concerns imaging and is divided 
along anatomic lines (e.g., chest wall and diaphragm, pleural space, 
lung parenchyma, mediastinum). In addition to imaging, each chapter 
briefly reviews the relevant anatomy, pathophysiology, and clinical 
considerations pertinent to the anatomic region under discussion. 

The text is generally well written, concise, and easy to read and 
comprehend. The illustrations tend to be somewhat small and are 
variable in quality, but they usually convey the message of the text. 
The references concluding each section, although limited in number, 
are usually both pertinent and up-to-date. 

Although the work purports to cover many imaging techniques for 
trauma to the chest and abdomen, the coverage of angiographic 
pathology, sonography, nuclear medicine techniques, and interven- 
tional techniques in trauma is limited. Perhaps this is due to the 
increasing emphasis on CT imaging in trauma. In particular, the 
section on abdominal visceral trauma is, for the most part, a reca- 
pitulation of the techniques and experience described by Federle and 
coworkers at San Francisco General Hospital. Because of the book’s 


short length, the number of illustrations is limited to classic examples 
of major pathologic changes; many entities are described rather than 
illustrated. 

The text does succeed in covering a lot of material in a crisp, 
succinct fashion and does a particularly good job of handling some 
of the major controversies in the field, such as CT vs peritoneal 
lavage in abdominal trauma, CT in mediastinal trauma, and CT vs 
radionuclide imaging in the evaluation of splenic injury. Although the 
authors do offer their opinions on these subjects, they do not offer 
much hard data from their own experiences to support those opin- 
ions. 

| would recommend this text to radiology residents who are 
interested in the subject and to nonradiologists who deal with trau- 
matized patients, since it is an easy-to-comprehend overview of 
imaging in thoracicoabdominal trauma. However, its limited scope 
and length are not adequate for radiologists who seek in-depth 
coverage of this emerging radiologic discipline. The recent text by 
Toombs and Sandler, Computed Tomography in Trauma, and the 
second edition of Computed Tomography in the Evaluation of Trauma 
by Federle and Brant-Zawadski, although limited to consideration of 
CT in trauma, offer more detailed discussions and more illustrations. 
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Hepatic Perivascular 
Lymphedema: CT Appearance 





The CT appearance of dilated hepatic lymphatics in liver transplant recipients has 
been described recently. We have observed similar findings of presumed hepatic 
lymphatic dilatation and perivascular lymphedema in 20 patients seen over an 8-month 
period, none of whom had received a liver transplant. Review of these patients’ records 
showed that 18 (90%) of 20 had underlying disease processes that could have caused 
dilated lymphatics as a result of either increased lymph flow or lymphatic obstruction. 
We have grouped these processes into three etiologic categories: (1) posttraumatic 
hepatic lymphatic obstruction, (2) obstruction caused by malignant lymphadenopathy, 
and (3) congestive hepatomegaly caused by cardiac decompensation. 

The appearance of hepatic lymphatic dilatation and surrounding lymphedema needs 
to be recognized so that lymphatic dilatation is not mistaken for dilated intrahepatic bile 
ducts. 


In a recent report [1], the CT appearance of dilated hepatic lymphatics and 
related lymphedema in liver transplant recipients was described. The dilatation of 
the lymphatics was shown to be due to lymphatic stasis caused by the interruption 
of lymphatic vessels during the transplant surgery. The lymphatic stasis was 
histologically documented in a pig model, and dilated periportal lymphatics were 
present in biopsies of two transplanted livers. We have observed a similar appear- 
ance of presumed lymphatic dilatation and associated lymphedema in 20 patients, 
none of whom had received a liver transplant. We present these cases and 
speculate on the cause of this appearance. 


Materials and Methods 


During an 8-month period from January to August 1987, 20 patients examined with CT for 
a variety of clinical indications were found to have prominent hypodense perivascular zones 
very similar to those seen in patients with transplanted livers. The clinical indications for CT 
evaluation were varied and consisted of evaluation of blunt trauma (five), abdominal pain 
(four), fever of unknown origin (one), suspected abscess (two), retroperitoneal hematoma 
(one), possible liver abnormality (three), and staging of malignant neoplasm (four). All patients 
were studied with incremental dynamic scanning both during and after a 2-min IV injection of 
iodinated contrast medium (30-42 g of iodine) [2]. Either a GE 9800 or a Philips TX60 was 
used, and contiguous 1-cm-thick slices were obtained. Two patients also were scanned 
before IV contrast administration. Three patients had follow-up scans. The first patient's 
follow-up study was performed after a 10-day interval. The second patient's follow-up was 
performed after a 5-week interval. The third had two follow-up studies performed 7 and 17 
weeks after the first scan. An analysis of the CT studies and the patients’ hospital records 
was undertaken to determine possible reasons for the similar CT appearance in the 20 cases. 


Results 


Review of the patients’ records showed that 18 of them had underlying disease 
processes that could cause lymphatic dilatation due to either increased lymph flow 


or lymphatic obstruction. Three etiologic categories were 
identified: (1) posttraumatic hepatic lymphatic obstruction, (2) 
obstruction caused by malignant lymphadenopathy, and (3) 
congestive hepatomegaly caused by cardiac decompensa- 
tion. 


Category 1 


Four patients had sustained blunt abdominal trauma. One 
had a periportal hematoma, the second and third developed 
intrahepatic hematomas associated with intraperitoneal hem- 
orrhage, and the fourth sustained a compression fracture of 
the 12th thoracic vertebral body with an associated large 
retrocrural hematoma. All four had abnormal hypodense 
periportal zones, and the second and fourth patients also had 
hypodense zones encircling the intrahepatic inferior vena cava 
(Fig. 1). Follow-up scans on the first and fourth patients at 10 
days and 35 days, respectively, showed complete resolution 
of the hematomas and hypodense perivascular zones. 


Category 2 


Two of the 20 patients had malignant neoplasms. One 
patient had hepatic metastases and periportal lymphadenop- 
athy. The other patient had extensive retroperitoneal lymph- 
adenopathy most prominent in the area of the cisterna chyli 
and the proximal thoracic duct (Fig. 2). This patient had three 
separate CT examinations. On the first two studies, which 
were separated by a period of 7 weeks, prominent hypodense 
zones were seen surrounding the portal venous system, with 
little intervening change in the size of the retroperitoneal 
lymphadenopathy. The third scan performed 10 weeks after 
the second showed development of a hypodense zone sur- 
rounding the intrahepatic portion of the inferior vena cava, as 
well as a slight decrease in the size but not the extent of the 
retroperitoneal lymphadenopathy. 


Category 3 


Twelve patients were found to have cardiomegaly and 
clinical evidence consistent with cardiac decompensation. Six 





patients had bilateral pleural effusions. Four of the patients 
also had ascites. All 12 had intrahepatic perivascular hypo- 
dense zones (Fig. 3), and three of them had hypodense zones 
surrounding the hepatic veins. 


Other Patients 


One patient with prominent hypodense perivascular zones 
had two separate disease processes, either of which might 
have caused the finding. The patient had congestive heart 
failure with cardiomegaly, ascites, and gallbladder-wall thick- 
ening on the CT examination. The other possible cause of the 
hypodense perivascular zones was periportal lymphadenop- 
athy, which subsequently was proved to be benign reactive 
hyperplasia. 

In the other two patients, hypodense zones surrounded the 
portal venous system and the intrahepatic segment of the 
vena Cava. However, in neither patient was there an apparent 
explanation for these zones. The first patient had a history of 
ischemic heart disease and borderline cardiomegaly but no 
indications of congestive heart failure or of an elevated central 
venous pressure. The other patient had sustained blunt ab- 
dominal trauma but had no abdominal visceral injuries or 
hematomas. 


Discussion 


The origin of the hepatic lymph is threefold. Most lymph is 
derived from the liver sinusoids, a lesser portion is derived 
from the bile ducts, and a small amount is derived from the 
hepatic artery [3]. 

The sinusoids are separated from the liver cells by the 
perisinusoidal space of Disse. The wall of the sinusoids is 
highly permeable to plasma proteins and therefore no colloi- 
dosmotic pressure gradient exists. In the absence of this 
gradient, the fluid movement across the wall of the sinusoids 
is directly influenced by hydrostatic pressure changes. With 
any rise of venous pressure (e.g., during congestive heart 
failure), fluid formation in the hepatic interstitial compartment 
is enhanced and hepatic lymph flow is increased [3]. 

Lymphatic vessels have been found adjacent to epithelial 


Fig. 1.—CT scan in a 31-year-old 
man with a compression fracture of the 
12th thoracic vertebra shows hypo- 
dense periportal zones (double arrows) 
and hypodense zone surrounding infe- 
rior vena cava (single arrow). An as- 
sociated hematoma was seen more 
clearly at slightly lower levels. On a 
follow-up scan obtained 35 days later, 
hypodense perivascular zones and he- 
matoma had resolved. 


Fig. 2.—CT scan in a 51-year-old 
man with metastatic adenocarcinoma 
shows hypodense periportal (double 
arrows) and pericaval (single arrow) 
zones. Periportal lymphadenopathy 
was present at lower levels. 


Fig. 3.—A and B, CT scans in a 19- 
year-old woman with congestive heart 
failure show hypodense periportal 
zones. Pertinent CT findings on other 
slices were cardiomegaly, pleural ef- 
fusions, and gallbladder wall edema. 


cells in the bile-duct walls. It has been postulated that there 
is simple passage of bile constituents into these lymphatics 
[3]. Experimental ligation of the common bile duct has in- 
creased lymph flow up to three times its normal value [3]. 
Capillaries within the portal tract are supplied by the hepatic 
artery. An increased capillary pressure or a decreased colloi- 
dosmotic pressure of the blood plasma results in augmented 
filtration and the production of a greater amount of protein- 
poor interstitial fluid, which is then drained by the lymph 
channels [3]. 

Microscopically demonstrable lymphatics are seen in the 
connective tissue that surrounds the portal and hepatic ven- 
ules, hepatic arterioles, and bile ductules [3]. Only when there 
is increased lymph production or lymphatic obstruction will 
intrahepatic lymphatics become visible radiographically or at 
laparoscopy [3]. More than 80% of the hepatic lymph is 
drained by collecting vessels along the portal vein and bile 
duct. These collecting vessels eventually drain into the cis- 
terna chyli. The remaining lymph drainage occurs along the 
hepatic veins either directly into the thoracic duct or into retro- 
sternal lymphatics, which follow the internal mammary ves- 
sels and drain into the great veins in the root of the neck [3]. 

Thus, there are anatomic and physiologic bases for several 
causes of dilated hepatic lymphatics in addition to that re- 
ported in liver transplant recipients [1]. In our first category 
(patients who sustained blunt abdominal trauma), all patients 
had intraabdominal hematomas. From the foregoing descrip- 
tion, it can be seen that all these hematomas were located in 
sites that could lead to compression and thus obstruction of 
the hepatic lymphatic system. The lymphatic dilatation and 
associated lymphedema reversed in two patients whose he- 
matomas resolved. 

A second cause of extrinsic compression resulting in lym- 
phatic dilatation is the presence of high abdominal lymphade- 
nopathy. This was present in two patients with malignant 
neoplasms. Benign causes of lymphadenopathy (e.g., granu- 
lomatous disorders) could also cause lymphatic dilatation that 
would be detectable by CT. Lymphatic dilatation may be 
reversible in this group as well. 

The third cause of lymphatic dilatation in our group of 
patients was cardiac decompensation. Cardiac decompen- 
sation causes increased venous pressure, which in turn in- 





creases lymph flow. This increase can cause dilatation of the 
lymphatics. Although no follow-up scans were obtained in 
these patients, it is reasonable to assume that their lymph 
dilatation is reversible if the elevated venous pressures can 
be corrected. This study did not determine a level of elevated 
central venous pressure above which evidence of lymphatic 
dilatation might be seen. However, the six patients in this 
group all had chronic congestive heart failure. 

Occasionally, lymphatic dilatation and lymphedema may be 
seen in patients in whom a cause is not readily identifiable. 
This occurred in two cases in this series. 

The possibility that the appearance we observed is actually 
perivascular edema rather than lymphedema seems unlikely 
for two reasons. First, the CT appearance is similar to that 
reported in CT studies of liver transplant recipients [1]. In that 
report, two patients had liver biopsies that showed dilated 
periportal lymphatics. lymphedema was histologically proved 
in the animal mode! discussed in this report. Second, some 
patients who have portal hypertension, hypoproteinemia, and 
edema caused by liver disease or those who have Budd- 
Chiari syndrome probably will have perivascular edema. How- 
ever, we have not seen hypodense perivascular zones in CT 
scans of a patient with either of these histories nor, to our 
knowledge, has such a finding been reported by others. 

The identification of the appearance of dilated hepatic lym- 
phatics and surrounding lymphedema is important, so that it 
is not mistaken for the CT appearance of dilated intrahepatic 
bile ducts, which ventrally parallel but do not surround the 
intrahepatic portal venous system. This CT finding of apparent 
lymphatic dilatation is not rare; in fact, we saw 20 such cases 
over an 8-month period, during which time we performed over 
2500 CT body scans. Awareness of its appearance and 
causes should increase its recognition. 
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Categorical Course in Breast Imaging 





American Roentgen Ray Society 88th Annual Meeting 


May 8-12, 1988, San Francisco Hilton and Tower, San Francisco, CA 


Program Chairman: Stephen A. Feig, Philadelphia, PA; (215) 928-7253 


Sunday, May 8 


9:00-9:10 a.m. Welcome from the President (Gagliardi) 
9:10-9:15 a.m. Introduction (Feig) 
9:15-10:00 a.m. Xeromammography: principles, equipment, technique, quality control (Sickles) 


10:30-11:30 a.m. 
11:30 a.m.—Noon 


Screen-film mammography: principles, equipment, technique, quality control (Feig) 
American College of Radiology Mammography Accreditation Program (McLelland) 


Break 
1:30-2:15 p.m. Breast masses: differential diagnosis (Adler) 
2:15-3:00 p.m. Breast calcifications: differential diagnosis (Rebner) 
Break 
3:30-4:10 p.m. Mammography of the treated breast (Paulus) 
4:10-4:50 p.m. Practical solutions to common mammographic problems (Sick/es) 
4:50-5:30 p.m. Prebiopsy localization of nonpalpable breast lesions (Kopans) 
Monday, May 9 
1:30-2:10 p.m. Mammographic-pathologic correlation (Troupin) 
2:10-2:50 p.m. Breast ultrasound: equipment, technique, interpretation, accuracy (Bassett) 
2:50-3:30 p.m. Fine needle aspiration biopsy, ductography, pneumocystography (Logan) 
Break 
4:00-4:45 p.m. Panel: Diagnostic problem cases (Moderator: Feig; members: Bassett, Kopans, Rebner, Troupin) 
4:45-5:30 p.m. Panel: Subtle signs of carcinoma (Moderator: Feig; members: Adler, Logan, McLelland, Moskowitz, 


Tuesday, May 10 


Sickles) 


4:00-4:45 p.m. Issues in breast cancer screening (Moskowitz) 
4:45-5:15 p.m. How to establish a low-cost community screening program (McLelland) 
5:15-5:30 p.m. Discussion 

Wednesday, May 11 
4:00-4:30 p.m. Wording the mammography report (Feig) 
4:30-5:15 p.m. Medicolegal aspects of mammography (Brenner) 
5:15-5:30 p.m. Discussion 

Thursday, May 12 
4:00-4:30 p.m. Transillumination lightscanning (D’Ors/) 
4:30-5:00 p.m. Breast MR (Alcorn) 
5:00-5:30 p.m. Digital mammography (Merritt) 


5:30-5:35 p.m. 


Concluding remarks (Feig) 


Ralph Weissleder' 
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Pyogenic Liver Abscess: 
Contrast-Enhanced MR Imaging in Rats 





MR imaging was used to evaluate experimentally induced pyogenic liver abscesses 
in an animal model. Rats were examined before and after IV administration of either 
gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA), ferrite particles, or both con- 
trast agents together. Pyogenic liver abscesses appeared hypointense on T1-weighted 
images and hyperintense on T2-weighted images. Bolus administration of Gd-DTPA 
using a fast spin-echo sequence with repetition time of 250 msec and echo time of 20 
msec (SE 250/20) showed transient selective enhancement of normal hepatic tissue 
and increased lesion conspicuity, quantitatively assessed by the contrast-to-noise ratio, 
which increased from —35.7 to —59.0. Delayed leakage of Gd-DTPA into the abscess 
center partially obscured small lesions at 30-60 min. Ferrite particles reduced the signal 
intensity of normal liver, and the abscess then appeared homogenously hyperintense. 
Applying the SE 500/32 sequence, the contrast-to-noise ratio increased from —1.2 to 
+74.0. Coordinated administration of both contrast agents showed a further increase in 
contrast to +94.0, with a hyperintense abscess rim surrounded by hypointense liver. 

Gd-DTPA increases abscess-liver contrast by rim enhancement of the abscess wall, 
and ferrite increases the abscess-liver contrast by selectively decreasing the signal 
intensity of surrounding normal liver. As a result of increased contrast-to-noise ratio, 
both contrast agents, alone or in combination, increase the conspicuity of hepatic 
abscesses. 


Pyogenic liver abscesses (PLAs) most commonly occur in older patients with 
cancer, biliary disease, and bacteremia [1-3]. Symptoms and signs of PLA are 
often nonspecific, delaying diagnosis and treatments that are known to improve 
prognosis [2-5]. The mortality rate of undrained abscesses has been reported to 
be 100% [6], and without the use of tomographic imaging studies, 50% of PLAs 
have been correctly diagnosed only at autopsy [1, 2, 7, 8]. 

The MR appearance of PLA in humans has not yet been reported. To evaluate 
the potential of MR imaging and the diagnostic efficacy of contrast-enhancement 
techniques, we conducted a laboratory study using a well-defined animal model of 
hepatic abscess. 


Materials and Methods 
Animal Model 


The technique developed by Weinstein and others [9, 10] was used to induce pyogenic 
liver abscesses in Sprague-Dawley rats. Briefly, a bacterial inoculum of colonic contents was 
anaerobically filtered and directly injected into the liver of 12 Sprague Dawley rats (500 g). 
Two animals died within 12 hr after inoculation and were excluded from the study. The 10 
surviving animals were imaged 5-7 days after surgery. Bacteriologic examination of the 
inoculum revealed a polymicrobic growth of Escherichia coli, enterococci, Staphylococcus 
aureus, and an abundant mixed anaerobic bacteria. This mixture was identical to that 
described in human liver abscesses [6]. 
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Pathology 


After imaging was completed, all livers were removed intact at 
autopsy. After 2 days of fixation in formalin, the livers were examined 
grossly and then sliced in 2-3 mm sections to detect foci of abscess 
formation. Histologic specimens were routinely stained with hematox- 
ylin-eosin. Additional Masson trichrome stains for collagen and Prus- 
sian blue stain for iron were performed on two specimens. 


MR Contrast Agents 


Anesthesized animals were restrained with adhesive tape, and 
before imaging was started, a heparin-flushed IV line was placed in 
the tail vein. Gadolinium—diethylenetriaminepentaacetic acid (Gd- 
DTPA) (Berlex, Cedar Knolls, NJ) and polymer-coated ferrite particles 
(Advanced Magnetics Inc., Cambridge, MA) were injected via the tail 
vein without removing the animal from the imager. Gd-DTPA was 
used in seven animals at a concentration of 0.2 mmol/kg. Forty 
minutes after Gd-DTPA injection and imaging, ferrite at a dose of 
0.05 mmol/kg was injected (Gd-Fe double-contrast technique), and 
additional images were obtained. In three other animals, ferrite parti- 
cles at a concentration of 0.05 mmol Fe/kg were administered first. 
Ten minutes after completion of imaging, Gd-DTPA was injected (Fe- 
Gd double-contrast technique), and additional images were obtained. 


MR Imaging 


MR imaging was performed on a 0.6-T (25.1-MHz) Technicare 
magnet described in detail previously [11, 12]. Coronal and transverse 
multislice images were obtained with a slice thickness of 4 mm and 
a 192 x 256 matrix. When a head coil with a field of view (FOV) of 
21 cm was used, pixel dimensions were 1.1 x 0.8 mm; when the 
FOV was 26 cm, pixel size was 1.3 1 mm. 

Pulse sequences included precontrast T1-weighted spin echo (SE) 
pulse sequence with a repetition time (TR) of 250 msec and an echo 
time (TE) of 20 msec (SE 250/20), an SE 500/32 sequence, and a 
T2-weighted, SE 1500/60 sequence. After administration of contrast 
agents, only optimized pulse sequences (highest contrast-to-noise 
ratio) were used for each contrast agent [13]. Immediately after 
injection of Gd-DTPA, SE 250/20 images were obtained (two acqui- 
sitions, 1.6-min scan time). Subsequent serial imaging was performed 
at 10 and 30 min after injection by using the SE 250/20 pulse 
sequence with six acquisitions (4.8-min scan time). Ferrite-enhanced 
MR imaging was performed 10 min after administration of the contrast 
agent by using an SE 500/32 sequence with six acquisitions (9.6-min 
scan time). 


Image Analysis 


Identical operator-defined regions of interest (ROI) were used to 
measure the signal intensity (SI) of liver, abscess wall, abscess center, 
and paraspinous muscle. Image noise was measured by using a large 
ROI ventral to the animal, offset in the phase-encoding direction 
[14]. This ROI provided a measure of image noise that included ghost 
noise. Contrast between the abscess and the liver (C/N) was calcu- 
lated as the signal intensity difference normalized to the standard 
deviation of noise (N) according to the formula C/N = (SI abscess — 
SI liver)/SI noise. C/N is an effective parameter for quantitating MR- 
pulse-sequence performance, and the absolute magnitude of C/N, 
designated as |+C/N|, correlates with lesion detectability [12, 14]. 
Negative C/N values indicate relatively hypointense (dark) abnormal- 
ities, and positive C/N values indicate relatively hyperintense (bright) 
abnormalities. For the comparison of different pulse sequences per- 


formed, C/N ratios were normalized to reflect a standard scanning 
time of 9.6 min, except for the rapid 1.5-min scan [14]. Normali- 
zation was performed by using the formula C/No6 min = (C/N) X 


V9.6/scan time. 


Results 
Pathology 


On gross examination, murine livers were sectioned trans- 
versely at 2- to 3-mm intervals. A solitary intraparenchymal 
abscess cavity was readily identified in each specimen. Ab- 
scesses ranged in size from 2 to 15 mm in greatest dimension. 
On histologic examination, PLAs appeared as well-circum- 
scribed defects with three grossly identifiable zones: a central 
zone of liquefactive necrosis surrounded by a collar of coag- 
ulation necrosis and a peripheral rim of granulation tissue 
(Fig. 1). At this early stage of abscess formation, no true 
fibrosis (such as that found in more chronic lesions) was 
present yet. Hepatic parenchyma surrounding the abscesses 
showed moderate sinusoidal dilatation indicative of hepatic 
edema. Uptake of ferrite particles by macrophages in the 
abscess cavity or abscess wall might be expected; however, 
this was not seen histologically. 


Precontrast Images 


When the SE 250/20 pulse sequence was used, PLAs were 
easily detectable in nine of the 10 animals (Fig. 2A). One 
abscess, measuring 2 X 2 mm, was identified only in retro- 
spect. PLAs typically appeared markedly hypointense to liver 
with an abscess-liver C/N of —35.7. Lesion detectability 
correlated closely with the quantitative C/N values. The size 
of the lesions measured by MR corresponded closely with 
correlative pathologic measurements. 

When the SE 500/32 pulse sequence was used, nine of 
the 10 PLAs were detected. The small abscess (2 X 2 mm) 
was not identified. PLAs appeared slightly hypo- or isointense 
relative to liver (C/N = —1.2) (Fig. 2B). 

Nine PLAs were detected on T2-weighted SE 1500/60 
images. The 2-mm lesion was not visible even in retrospect. 
The abscesses were hyperintense (C/N = +7.1) (Fig. 2C). 
Typically the lesions appeared larger than on corresponding 
T1-weighted images and than by autopsy measurements. 


Gd-DTPA 


After the bolus administration of Gd-DTPA, all seven PLAs 
studied (ranging in size from 3 to 15 mm) were correctly 
identified by using the 1.6-min, 250/20 scan technique (Fig. 
3). Indeed, both qualitatively and quantitatively, the Gd- 
DTPA-enhanced fast-scan technique was superior to more 
lengthy noncontrast scans. Detectability improved because 
the contrast agent selectively enhanced specific morphologic 
features within the lesion itself. The abscess rim consisting of 
granulation tissue became sharply defined and showed max- 
imal C/N (—59.0) relative to the abscess center. High-contrast, 
abrupt transitions between liver, abscess, rim, and abscess 
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Fig. 1.—Pyogenic liver abscess. 

A, Gross specimen of experimental model of 
pyogenic liver abscess. MR images of this ani- 
mal are shown in Figs. 4A and 4B. Lesion meas- 
ures 15 mm in greatest diameter and consists of 
a central, partially liquefied necrotic center (A), 
surrounded by friable white necrotic tissue. 
Granulation tissue (G) separates abscess from 
hepatic parenchyma. (2.6) 

B, Histology. Central cavity (A) has undergone 
fiquefactive necrosis. Irregular rim of coagulative 
necrosis (N) with cords of nonviable hepatic pa- 
renchyma is seen at inner margin of abscess 
wall. At abscess periphery, a zone of acutely 
nflamed granulation tissue (G) forms border be- 
tween necrotic tissue and surrounding liver (L). 





A 


Fig. 2.—Unenhanced MR image of a 2 x 4mm pyogenic liver abscess. 





A, T1-weighted, SE 250/20 image shows abscess cavity (2 x 4 mm) as a hypointense region (arrow). C = inferior vena cava. 
B, Mixed T1-weighted and T2-weighted SE 500/32 image. Abscess (arrow) is still visible but more isointense relative to liver than on A. 
C, T2-weighted SE 1500/60 image. Abscess (arrow) appears hyperintense relative to liver, and lesion appears larger (4 x 6 mm) than in A. 





B B 








Fig. 3.—Serial images (SE 250/20) after the administration of Gd-DTPA (0.2 mmol/kg). 


A, Preinjection control image. Curved arrow = abscess. 


B, 1'⁄2 min after administration of Gd-DTPA, liver signal intensity increases, and abscess periphery enhances as a hyperintense rim around hypointense 


abscess cavity. 


C, After 30 min, abscess cavity slowly increases in signal intensity because of Gd-DTPA fill-in. 


center maximized lesion conspicuity. Lesion size appeared 
unchanged compared with that of the lesions shown on SE 
250/20 precontrast images. 

The abscess center initially enhanced to a lesser degree 
than normal liver tissue but gradually increased in signa 
intensity as GD-DTPA leaked into the necrotic central cavity 
from the adjacent hypervascular rim [15]. As a result, lesion- 


center-to-liver C/N declined from —35.7 to —12.4 during the 
first 30-60 min after contrast administration. 


Ferrite Particles 


Ferrite-enhanced MR imaging improved lesion consp'cuity; 
all three PLAs, including the 2 x 2 mm lesion, were easily 
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detected (Figs. 4 and 5). After administration of ferrite parti- 
cles, the liver signal intensity decreased 86%, whereas the 
Signal intensity of the abscess did not change significantly 
(6.7 + 3.7%). The abscess was Clearly delineated as a rela- 
tively hyperintense lesion without rim enhancement. Ferrite- 
enhanced lesion-liver C/N was greater (+74) than any 
C/N for Gd-DTPA. Lesion size was identical to that measured 
before the administration of ferrite. 


Double-Contrast Technique 


All 10 PLAs were correctly identified after the administration 
of both contrast agents. Qualitatively as well as quantitatively 
it did not matter which contrast agent was given first, as 
PLAs appeared as hyperintense lesions in contrast to the low 
hepatic signal intensity (Fig. 6). Lesion-liver C/N increased 
maximally (+94) achieving a greater C/N than with either 
contrast agent alone. The double-contrast technique exploits 
the Gd-DTPA-induced increase in signal of the abscess rim, 
contrasting it to the ferrite-induced decreased signal from 
normal liver. 


Discussion 


Unenhanced T1-weighted and T2-weighted MR images 
show no specific morphologic features that can be used to 





distinguish intrahepatic abscesses from metastases. PLAs 
tended to be larger on T2-weighted images than on corre- 
sponding T1-weighted images, and our histologic data show 
that this difference is due to edema of intact liver tissue 
adjacent to the abscess rim. Similar MR findings have been 
observed in patients with amebic liver abscesses [16]. Al- 
though the presence of hepatic edema is of interest in making 
diagnoses and monitoring therapy, it is most likely that similar, 
although less extensive, patterns of edema can be seen in 
association with malignant lesions. 

MR imaging with Gd-DTPA is optimized by using heavily 
T1-weighted pulse sequences because of its predominant T1- 
shortening effect on perfused tissue [15, 17, 18]. As a non- 
targeted, water-soluble, ionic contrast agent, Gd-DTPA 
shows pharmacokinetics and biodistribution characteristics 
similar to iodinated contrast agents [19, 20]. PLAs typically 
show a rim of enhancement at the margin of the abscess 
cavity because of an increased capillary permeability for Gd- 
DTPA as well as an increase in local distribution volume [17, 
21]. Rim enhancement after administration of Gd-DTPA has 
also been reported to occur in tumors [22-24]. Gd-DTPA also 
diffuses into the abscess cavity, increasing its signal intensity 
on delayed T1-weighted images. This fill-in time is slow be- 
cause the necrotic abscess cavity is devoid of vessels. Typi- 
cally, the 30- to 60-min delay in central enhancement is 
considerably longer than the 5- to 10-min delay in central 


Fig. 4.—Ferrite-enhanced MR images of py- 
ogenic liver abscess (0.05 mmol ferrite particles/ 
kg). Same specimen as Fig. 1A. 

A, Abscess appears isointense to liver on 
coronal precontrast SE 500/32 image. 

B, Abscess becomes clearly detectable after 
administration of ferrite (arrows). 


Fig. 5.—Ferrite-enhanced MR images of mi- 
croabscess (0.05 mmol ferrite particles/kg). 

A, In this animal, precontrast image (SE 250/ 
20) barely identifies abscess as a hypointense 
lesion (arrow). 

B, After administration of ferrites, microab- 
scess (2 x 2 mm) becomes readily visible (ar- 
row). 
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Fig. 6.—Double-contrast technique. 

A, After Gd-DTPA is injected, abscess ap- 
pears hypointense relative to liver showing the 
typical ring enhancement (arrow). Same animal 
as in Fig. 2. 

B, After administration of ferrites, abscess 
appears as a prominent, ringlike intrahepatic le- 
sion (arrow). Contrast achieved with combined 
use of both contrast agents is greater than with 
either agent alone. 


enhancement reported for hypovascular, nonnecrotic tumors 
of comparable size [13]. Fill-in time in tumors varies among 
histologically diverse lesions, depending on lesion vascularity 
[15, 24-26]. Sequential Gd-DTPA-enhanced MR imaging 
may provide helpful information in the differential diagnosis of 
hemangiomas [25, 26], tumors [15, 26], and abscesses. 
However, some necrotic liver tumors probably will show the 
same pattern of edema and contrast enhancement as PLAs. 
Our results suggest that Gd-DTPA will increase conspicuity 
of small abscesses (65% increase in abscess-liver C/N), and 
that clinical data will remain essential for differential diagnosis. 

MR imaging with ferrite is most effective in conjunction with 
slightly T2-weighted pulse sequences, as ferrites predomi- 
nantly act to shorten T2. Most importantly, the biodistribution 
of IV ferrite particles is selective. Particles are rapidly phago- 
cytosed by macrophages of the reticuloendothelial system, 
reducing the T2 relaxation time and image signal intensity of 
normal liver, spleen, and bone marrow [27]. PLAs become 
more easily detectable as hyperintense lesions relative to 
surrounding hypointense liver. This selective enhancement is 
attributable to the exclusion of ferrite particles from the ab- 
scess cavity. Unlike Gd-DTPA, ferrite particles are too large 
to undergo diffusion into the abscess cavity. Our data show 
that ferrite is effective for improving conspicuity of small PLAs 
(107% increase in abscess-liver C/N). Unfortunately, ferrite 
shows no potential for aiding in the differential diagnosis of 
inflammatory and neoplastic lesions because of the nonspe- 
cific exclusion by masses not containing reticuloendothelial 
cells. 

Both Gd-DTPA and ferrite, used together in our double- 
contrast technique, show the same biodistribution and kinet- 
ics as when used alone. MR imaging is optimized by using 
pulse sequences with mixed T1- and T2-dependencies [13]. 
Because Gd-DTPA is a nonspecific interstitial contrast agent, 
it enhances liver, the abscess rim, and later the abscess 
center, whereas ferrite decreases the signal intensity of sur- 
rounding edematous and uninvolved liver. Lesion conspicuity 
is maximized by coordinated use of both contrast agents 
because their effects are complementary and additive (163% 
increase in abscess-liver C/N). 

MR contrast agents are able to increase abscess-liver 
C/N and thus increase the conspicuity of small lesions. MR 





contrast agents may be particularly useful in early detection 
of miliary abscesses in immunosuppressed patients [4] and 
micrometastases in cancer patients [28]. Pharmacologic tech- 
niques and imaging methods developed in appropriate animal 
models accurately predict efficacy in clinical use. Preliminary 
data also suggest that Gd-DTPA is safe when administered 
as a bolus [24-26] and that IV ferrites do not cause any 
harmful effects [29]. 
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Case Report 





Splenic Lymphangiomatosis: CT Diagnosis 


Frank Pistoia’ and Stuart K. Markowitz 


Lymphangiomas are benign congenital malformations of 
the lymphatic system usually affecting the neck and axilla 
[1]. Involvement of the visceral organs is less common [2]. 
Splenic involvement is quite rare; approximately 90 cases 
have been reported [3]. We report a case of splenic lymphan- 
giomatosis in which the CT appearance suggested the correct 
diagnosis. 


Case Report 


A 43-year-old woman presented with left upper quadrant abdomi- 
nal pain, malaise, and weakness. Physical examination disclosed only 
a tender, nodular mass in the left upper quadrant. Laboratory exam- 
ination included a normal hemogram and platelet count and normal 
renal and liver function tests. 


Fig. 1.—A, CT scan after administra- 
tion of contrast material shows low- 
density, nonenhancing cystic areas 
within an enlarged spleen. Calcification 
is noted in posterior aspect of spleen. 

B, Cut surface of spleen shows mul- 
tiple cysts of varying sizes. 


Received July 24, 1987; accepted after revision August 25, 1987. 


Sonography showed splenomegaly due to multiple hypoechoic 
lesions of the spleen. CT showed an enlarged spleen with multiple 
discrete low-attenuation foci that did not enhance after administration 
of IV contrast material (Fig. 1A). The lesions measured approximately 
15-20 H, and several had small marginal linear calcifications. A 
splenectomy was performed. Gross examination revealed subcap- 
sular and intrasplenic cysts (Fig. 1B). The histologic diagnosis was 
lymphangiomatosis. 


Discussion 


Lymphangiomas are benign malformations composed of 
endothelial-lined cysts containing lymph and were first de- 
scribed by Rodenber in 1828 [4]. They are classified as one 
of three types—either capillary, cavernous, or cystic—de- 
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pending on the size of the lymphatic channels [5]. Lymphan- 
giomas are commonly found in the neck and axilla (cystic 
hygroma) and less commonly in the mediastinum, retroperi- 
toneum, and extremities [4]. Although visceral involvement is 
uncommon, lymphangiomas have been described in the liver, 
spleen, kidney, colon, and penis [5]. Splenic involvement is 
rare, with approximately 90 cases reported [3]. 

Plain film evaluation may disclose splenomegaly, curvilinear 
calcifications in cyst walls, and mass effect on adjacent vis- 
cera [5]. Radionuclide scans show splenomegaly with multiple 
focal defects [6]. Sonography shows hypoechoic spaces 
within the spleen. Internal echoes may be noted. These 
depend on the size of the lesions, the presence of septations, 
and proteinaceous debris [5]. Angiographic findings include 
well-defined avascular lesions scattered throughout the 
spleen with absence of neovascularity, arteriovenous shunt- 
ing, and venous pooling. A characteristic “Swiss-cheese” 
appearance has been described [7]. CT shows low-density 
(15-33 H), nonenhancing, sharply marginated, thin-walled 
lesions [3]. 

The differential diagnosis of multifocal splenic disease is 
extensive and includes lymphoma, infarction, septic emboli, 
metastases (melanoma, breast, ovary, and lung), and splenic 
cysts. Determination of the cystic nature of the lesions is 
extremely helpful and narrows the differential diagnosis con- 
siderably. The clinical classification of splenic cysts by Pearl 
and Nassar [8] is useful; the three categories are (1) parasitic 
cysts (Taenia echinococcus), (2) primary cysts with true cel- 
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lular lining, such as those that are endothelial-lined (heman- 
gioma, lymphangioma) and those that are epithelial-linec (der- 
moid, epidermoid, transitional cell lined); and (3) secondary or 
traumatic cysts without a true cellular lining. 

The presence of thin-walled, well-defined, nonenhancing 
splenic cysts, which contains mural calcifications, may sug- 
gest the diagnosis of lymphangiomatosis. 
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Gallbladder and Bile Duct 
Abnormalities in AIDS: Sonographic 
Findings in Eight Patients 





Gallbladder and biliary tract abnormalities were observed on sonography in eight 
patients with AIDS. The studies were obtained to evaluate right upper quadrant pain 
(two patients), tenderness (three patients), and abnormal liver function tests (eight 
patients). The two major sonographic findings were gallbladder wall thickening (eight 
patients), which often was marked, and bile duct dilatation (two patients). Gallbladder 
wall thickness varied from 4 to 15 mm and was greater than 1 cm in four patients. 
Follow-up sonograms in five patients showed increasing wall thickness in four and 
decreasing thickness in one, but these findings did not correlate well with the clinical 
status of the patient. Pericholecystic fluid was shown in three cases. None of the 
patients had gallstones. Common bile duct dilatation varied from 12 to 15 mm; no 
specific cause for dilatation was found by cholangiography. Mycobacterium avium 
intracellulare was recovered from the gallbladder in one patient, and Cryptosporidium 
was recovered from the duodenum in two patients. 

AIDS should be considered in the differential diagnosis of gallbladder wall thickening 
or bile duct dilatation in the appropriate clinical setting. These findings may indicate 
opportunistic infection of the biliary tract. A disparity may exist between the mild 
symptoms and signs (or lack of symptoms and signs) related to the gallbladder and bile 
ducts and the sometimes marked sonographic abnormalities. 


Sporadic reports initially described bile duct dilatation and gallbladder wall 
thickening in 10 patients with AIDS [1-8]. A recent report emphasized the similarity 
of bile duct findings to sclerosing cholangitis and papillary stenosis [9]. Over the 
past 2 years, we have encountered eight patients with AIDS who had abnormal 
gallbladders and/or common ducts on sonography. Their clinical courses were 
variable and not always in accord with the sonographic findings. An association 
with opportunistic infections is suggested but unproved. We report our observa- 
tions and summarize the previous reports. 


Materials and Methods 


Twenty-five patients with proved AIDS had sonography because of right upper quadrant 
abdominal pain over a 2-year period. The sonograms were normal with respect to the 
gallbladder and biliary tree in 17. The remaining eight had abnormal sonograms and form the 
basis of this study. All eight patients were homosexual men ranging in age from 23 to 40 
years. Five of the eight had follow-up sonograms, for a total of 17 studies. Three patients 
had CT scans, and one each had percutaneous transhepatic cholangiography and ERCP. All 
patients had elevated liver function tests at the time of the initial abnormal sonogram. SGOT 
values ranged from 25 to 2550 IU/I (normal, 7-45 |U/l); SGPT was between 10 and 511 IUJI 
(normal, 0-45 IU/I); alkaline phosphatase varied from 111 to 1080 (normal, 30-130 IU/I); and 
bilirubin levels reached as high as 3.6 mg/dl (range, 0.7-3.6 mg/dl; normal, 0.2-1.0 mg/dl). 

Three patients had cryptosporidiosis of the gastrointestinal tract. In two of these, duodenal 
aspirates were positive for Cryptosporidium, and all three had Cryptosporidium recovered 
from stool specimens. Four patients had Kaposi sarcoma (none in the gallbladder or liver), 
and two had disseminated Mycobacterium avium intracellulare. Two patients had rectal 
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herpes, and two others were chronic carriers of hepatitis B virus. 
One patient each had active hepatitis B infection, cytomegalovirus 
colitis, Entamoeba histolytica infection, and stool culture positive for 
Clostridium difficile, Candida enteritis, giardiasis, or Salmonella gas- 
troenteritis. Three of the eight patients died from complications of 
AIDS. One autopsy was performed. A second patient underwent 
exploratory laparotomy and cholecystectomy. 


Results 


Sonograms showed thickening of the gallbladder wall in all 
eight patients, measuring between 4 and 15 mm (normal <3 
mm) (Table |). The average wall thickness was 9.4 mm. The 
gallbladder walls were echogenic in five patients, hypoechoic 
in one patient, and had normal echogenicity in two patients 
(Fig. 1). The gallbladder was enlarged in one patient, mea- 
suring 11 cm in length. Pericholecystic fluid was present in 
three patients. None of the patients had gallstones. Sono- 
grams were repeated in five patients, three of whom had 
previously normal gallbladder walls that became thickened, 


TABLE 1: Sonographic Biliary Findings in Patients with AIDS 
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measuring 9 mm in one patient and 11 mm in two. The patient 
whose gallbladder wall had increased to 9 mm subsequently 
returned to normal (2 mm) in 4 days (Fig. 2). The largest 
increase in thickness was 9 mm, occurring in two patients 
(from 2 to 11 mm in one patient and from 6 to 15 mm in 
another). One patient who had a mildly thickened gallbladder 
wall showed no change on a follow-up sonogram. 

The liver function tests correlated poorly with the results of 
follow-up sonograms. In the four patients in whom the gall- 
bladder wall had increased in thickness, results of the bio- 
chemical tests improved (one patient), worsened (two pa- 
tients), or remained unchanged (one patient). The liver func- 
tion tests improved in the patient whose gallbladder wall was 
stable at 4 mm. Liver function level remained mildly elevated 
and unchanged in the patient whose thickened gallbladder 
wall returned to normal. 

Sonography showed that two patients had progressive 
common duct dilatation. In one patient, the diameter of the 
common duct increased from 5 to 12 mm. In the other patient, 
the common duct increased from 11 to 15 mm on a follow- 





Gallbladder Wall 
Patient Symptoms and Thickness? (mm) 


No. Signs wie 
Initial Follow-up 


1 Diarrhea, fever, <3 11 
vomiting, 
weight loss 

2 Right upper 4 4 
quadrant ten- 
derness, diar- 
rhea, fever, 
weight loss, 
weakness 

3 Diarrhea, fever, 12 ND 
weight loss, 
malaise 

4 Abdominal ten- 2 11 
derness, fever, 
vomiting, diar- 
rhea, lethargy 

5 Acute right upper 2 9 
quadrant pain, 
fever, chills, 
nausea, vomit- 
ing 

6 Right upper 6 19 
quadrant pain, 
nausea, vomit- 
ing 

i Right upper T ND 
quadrant ten- 
derness, diar- 
rhea, short- 
ness of breath 

8 Nausea, vomit- 6 ND 
ing, diarrhea, 
lethargy 


Common Duct Size” Course of 
(mm) Liver 7 
ination Clinical Course 
Initial Follow-up Tests 
<5 12 Improved Died 
11 15 Improved Died 
<5 ND ND Died 
4 4 Worsened No change 
4 ND No change Improved 
4 ND Worsened Cholecystectomy 
3 ND No change Improved 
<5 ND ND No change 





Note.—ND = not done. 
a Normal <3 mm. 
b Normal <6 mm. 
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Fig. 1.—A-D, Sonograms showing marked 
gallbladder wall thickening (arrows) in four dif- 
ferent patients. Gallbladder wall measures 11 
mm in both A and B and 9 mm in both C and D. 
Note variable hypo- and hyperechogenicity and 
pericholecystic fluid. 


Fig. 2.—A and B, Poor correlation between 
gallbladder wall thickness and clinical parame- 
ters. Initial sonogram (not shown) revealed nor- 
mal gallbladder wall thickness. 

A, 4 days later, repeat scan showed a thick- 
ened gallbladder wall (9 mm) (arrows), although 
there were no signs of cholecystitis and liver 
function tests remained unchanged. 

B, A follow-up scan 3 days later revealed a 
sludge-filled gallbladder with normal wall thick- 
ness. 
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up scan. No specific cause for obstruction was visualized by flowed into the duodenum in each patient. Thickened duo- 
transhepatic cholangiography or ERCP in these patients. Both denal and proximal jejunal mucosal folds, characteristic of 
studies showed mild narrowing of the distal common bile duct nonspecific inflammation, were noted on the upper gastroin- 
caused by ampullary inflammation (Fig. 3). Contrast material testinal series in one patient. In both patients, duodenal 
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aspirates obtained at endoscopy were positive for Crypto- 
sporidium. One of the patients with common duct dilatation 
also had pancreatic duct dilatation (4 mm). 

In all three patients who had CT scans, the gallbladder wall 
thickening was confirmed; the wall enhanced with IV contrast 
material (Fig. 4). Two of these patients also had pericholecys- 
tic fluid collections that were evident on the sonograms. 
Marked periportal adenopathy was not seen. 

One patient underwent laparotomy. The wall of the gall- 
bladder was thickened and chronically inflamed. Histologic 
stains of the gallbladder were positive for acid-fast bacilli 
contained within histiocytes, consistent with the diagnosis of 
Mycobacterium avium intracellulare. Postmortem findings in 
another patient showed a normal gallbladder, although the 
wall had measured 12 mm on sonography. 


Discussion 


Data from our patients and from previous reports suggest 
that biliary tract abnormalities occur in patients with AIDS [1- 
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10]. Gallbladder wall thickening is the most frequently noted 
finding; the other major finding is either extra- or intrahepatic 
bile duct dilatation or both. The cause of these abnormalities 
is unknown, although in some of these patients opportunistic 
organisms have been found in the gallbladder or in the bile. 
Cryptosporidium and cytomegalovirus have been noted most 
frequently, and Mycobacterium avium intracellulare, Candida 
albicans, and Klebsiella pneumoniae occur sporadically [1- 
9]. Most of these patients had proved gastrointestinal cryp- 
tosporidiosis. 

Follow-up sonograms in our patients showed changes in 
the gallbladder wall thickness that did not necessarily corre- 
late with the clinical status of the patients or the results of 
biochemical tests. Despite the marked gallbladder wall thick- 
ening in most of the patients, in only one patient was there 
sufficient clinical suspicion of cholecystitis to require chole- 
cystectomy. Rapid changes in the gallbladder wall size sug- 
gest that edema accounts for much of the observed wall 
thickness. 

Sonographic evidence of thickening of the gallbladder wall 


Fig. 3.—A and B, Gallbladder and bile duct 
abnormalities in AIDS patient with right upper 
quadrant pain. 

A, Sonogram shows a common duct that 
measures 11 mm (between cursors) and that is 
associated with marked thickening of the gall- 
bladder wall (arrows) and pericholecystic fluid. 

B, Transhepatic cholangiogram shows a di- 
lated common bile duct with smooth distal nar- 
rowing. There is extravasation of contrast ma- 
terial in the liver. 


Fig. 4.—Precontrast (A) and postcontrast (B) 
CT scans show a thick-walled gallbladder with 
wall enhancement. 
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is known to occur with acute and chronic cholecystitis, as- 
cites, hypoproteinemia, hepatitis, congestive heart failure, 
elevated portal venous pressures, multiple myeloma, and 
renal disease [11-18]. However, the sonographic findings in 
our patients could not be clearly attributed to any of these 
factors. Marked abdominal adenopathy is encountered fre- 
quently in those patients with AIDS who have Kaposi sar- 
coma, non-Hodgkin lymphoma, and Mycobacterium avium 
intracellulare [18]. Regional lymphatic obstruction by nodes 
also is proposed as a cause of gallbladder wall thickening 
[19]. Although the cause remains uncertain, AIDS should be 
included in the differential diagnosis of gallbladder wall thick- 
ening in the appropriate clinical setting. 

The pathogenesis of bile duct dilatation is most likely related 
to opportunistic infection and inflammation, caused most fre- 
quently by Cryptosporidium [20-24]. Edema of the papilla 
appears to result in bile duct dilatation. Passive pancreatic 
duct dilatation also was observed in one of our patients; this 
too suggests that papillary inflammation causes partial ob- 
struction of both ducts. Dolmatch et al. [9] found endoscopic 
biopsies of the ampulla to be positive for opportunistic 
organisms in several patients in their series who experienced 
the severe changes associated with cholangitis. 

Current evidence [1-10] points to involvement of the gall- 
bladder and biliary ducts in some patients with AIDS. Further 
Studies are needed to determine whether biliary or systemic 
factors are responsible and what type of organisms are 
involved. Lastly, the clinical relevance of gallbladder and bile 
duct abnormalities remains to be defined. 
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Technical Note 





Choledocholithiasis: Percutaneous Pulverization with a 
High-Speed Rotational Catheter 


Mark H. Wholey' and Sanford Smoot 


We report the application of a new experimental device in 
which mechanical lithotripsy has been performed within the 
common bile duct through the existing T-tube tract. Pulveri- 
zation and fragmentation of large retained stones within the 
common duct may be possible by means of a high-speed 
rotational Kensey dynamic angioplasty catheter. 








Technique 


The Kensey dynamic angioplasty catheter (Theratec Inc., Miami, 
FL) is an experimental device designed for recanalizing the totally 
obstructed arterial vessel (Fig. 1). The initial prototype uses an 8- 
French catheter that incorporates a high-speed rotational cable with 
a distal cam that achieves a speed approaching 90,000 rpm. An 
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Fig. 1.—A, Distal tip of Kensey catheter. Cam is shown with distal end hole for infusate. 


B, Longitudinal view of distal aspect of catheter and distal cam. 


C, Disassembled catheter. 8-French catheter and stainless steel metallic cable and rotational cam are shown. 
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SPINNING 


Fig. 2.—Diagram of Kensey catheter. For angio- 
plasty, urokinase is added to infusate; however, 
for pure opacification, a mixture of saline and 
contrast material can be used. 


of common duct. 


infusate of physiologic saline is combined with contrast material at 
an injection flow rate of approximately 30 ml/min through a modified 
Medrad Mark IV injector (Medrad Inc., Pittsburgh, PA). The infusate 
combined with the rotational cam within a cylinder creates a vortex 
(Fig. 2), and the stones are drawn to the center of the vortex where 
the high-speed rotational tip pulverizes the stones. 

Initially, the Kensey catheter was used in vitro on calcium carbonate 
stones within a fluid-filled cylinder. After only minimal application, 
portions of the stone were pulverized into tiny fragments. The higher 
the rotational speed of the cam was, the greater the degree of 
pulverization was. Experimentally, with the cam rotational speeds at 
150,000 rpm, pulverization resulted in particulate matter as small as 
5-10 um. 

Our clinical experience is based on the application of the Kensey 
catheter in a 70-year-old woman who was referred 5 weeks after 
cholecystectomy for removal of a 2-cm retained common bile duct 
calculus (Fig. 3A). Prior attempts to extract the stone through the 
existing T-tube tract by conventional methods were unsuccessful. 
Several other smaller stones that were present in the common duct 
had been retrieved successfully by conventional basket technique. 
The single retained large stone, however, required additional meas- 
ures, and the application of the Kensey dynamic catheter was rec- 
ommended. Written permission by the Food and Drug Administration 
was given for this single application and as an addition to the existing 
protocol. After administration of 5 mg of IV diazepam followed by 50 
ug of fentanyl, the existing T-tube was exchanged for a 10-French 
intraaortic balloon sheath. The intraaortic balloon sheath followed the 
appropriate positioning of the guidewire adjacent to the stone in the 
distal duct. The Kensey catheter was then passed through the sheath 
to the distal common duct, allowing the tip to protrude only 5 mm 
beyond the protection of the sheath. The dynamic angioplasty cath- 
eter was then rotated at speeds of 90,000 rpm. During the mechanical 
lithotripsy, fragmentation of the stone occurred rapidly. The larger 
fragments were simply retrieved with the Dormia basket, while the 
smaller pulverized particles were flushed with saline either through 
the existing T-tube tract or into the duodenum. The cholangiogram 
taken after the procedure revealed only a few tiny residual fragments 
and a minimal degree of periampullary edema (Fig. 3B). A 10-French 
catheter, however, was easily passed through the ampulla, showing 
satisfactory patency. On the next day there were no residual stones, 
and significant debris and resolution of the periampullary edema had 
occurred. The time for the procedure was approximately 30 min, and 
the procedure was tolerated satisfactorily by the patient. There were 
no postprocedure complications. 








Fig. 3.—A, T-tube cholangiogram in anteroposterior projection showing 2-cm stone at distal aspect 


B, After application of Kensey catheter, there is essentially complete pulverization of stone. 
Residual fragments are visible (arrow). Follow-up cholangiogram 24 hr later was normal. 


Discussion 


The concept of mechanically crushing or fragmenting resid- 
ual common duct stones is not new. Dormia baskets were 
used in this capacity by Burhenne in 1975 [1, 2]. In 1984, 
Lear and Ring [3] described electrohydraulic fragmentation of 
retained common duct stones through an existing T tube. In 
1985, Bean and Daughtry [4] used experiences from ultra- 
sonic lithotripsy in the pelvocalyceal structures of the kidneys 
to apply a mechanical-fragmentation procedure to the biliary 
tree. 

During the application of the Kensey catheter within the 
biliary tree, we noted that the fluid being injected through the 
tip performs two functions. (1) A vortex is established around 
the catheter tip. (2) This vortex creates a vacuum within the 
center to which the material is drawn. The cam at the distal 
aspect of the catheter has been carefully designed to pulver- 
ize the calcific atheromatous material frequently present in 
occlusive arterial disease. The cam has also been designed 
to avoid damage to the adjacent normal viscoelastic tissues. 
When the cam is positioned within the common bile duct and 
protected by the sheath, its basic design should work the 
same way. At present, the catheter used is approximately 3 
mm in external diameter (8 French). Current studies are using 
catheters with smaller dimensions, including 5- and 3-French 
catheters. 

In certain patients with large retained biliary calculi for which 
existing methods of removal have been unsuccessful, the 
application of the Kensey device to pulverize the retained 
stones may be an additional tool for nonsurgical intervention. 
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Antegrade Transluminal Dilatation 
of Benign Ureteral Strictures: 
Long-Term Results 





The long-term results (follow-up of 15 months or longer) of antegrade transluminal 
dilatation of 127 benign ureteral strictures are assessed and analyzed. The overall 
success rate is 50%. When lesions were classified according to age of the stricture, 
status of vascular supply, and other etiologic factors contributing to formation, the 
following findings were evident: transluminal dilatation was successful in 30 (91%) of 
33 patients with fresh strictures in whom there was no evidence of compromised vascular 
supply; in 23 (53%) of 43 similar strictures older than 3 months; in 3 (25%) of 12 with 
fresh strictures with evidence of vascular compromise; and in 7 (18%) of 39 with similar 
older strictures. Regardless of age of stricture and other etiologic factors, transluminal 
dilatation was successful in 53 (70%) of 76 patients with strictures without evidence of 
ischemic compromise but was successful in only 10 (20%) of 51 with strictures with 
evidence of devitalization. 

These findings emphasize the importance of considering both the age and vascular 
supply of a stricture and adjacent ureter when making the decision about treatment by 
antegrade transluminal dilatation. 


Retrograde bougie dilatation is a time-honored nonsurgical method for manage- 
ment of benign ureteral strictures [1]. Because many ureteral strictures were not 
amenable to retrograde catheterization and hence to dilatation via this route, 
techniques for an antegrade approach were needed. Percutaneous nephrostomy 
provides ready antegrade access [2, 3]. Transluminal dilatation can be carried out 
by using a balloon catheter or tapered coaxial Teflon dilators [4, 5]. The goal is to 
correct permanently or at least to substantially reduce an existing urodynamically 
significant stricture. Today, antegrade transluminal dilatation has become the 
procedure of choice for the treatment of benign ureteral strictures [2, 4, 6-9]. This 
technique spares the patient extensive surgical procedures and the inconvenience 
and risks of either a chronic indwelling stent or a permanent percutaneous nephros- 
tomy [2, 4, 6]. Management by chronic indwelling stent is reserved for strictures 
associated with malignant disease [3]. Treatment by percutaneous nephrostomy 
is advocated only as a temporary measure to preserve renal function. 

This communication reports the long-term results of transluminal dilatation of 
benign ureteral strictures and attempts to identify the factors that jeopardize 
SUCCESS. 


Materials and Methods 


From May 1978 to February 1985, 152 percutaneous transluminal dilatations of benign 
ureteral strictures were performed in 149 patients via an antegrade route. Twenty-two 
patients, three of whom had strictures involving both ureters, were lost to follow-up. This 
study is based on the remaining 127 strictures in 127 patients who were followed for at least 
15 months. Forty-five strictures were less than 3 months old, and 82 were older. 
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Selection of Patients 


Only patients with urodynamically significant but benign strictures 
were included in this study. The diagnosis of stricture (1) of the ureter, 
(2) of the ureteropelvic junction, or (3) at a ureteroileostomy or 
ureteroneocystostomy site was established in all 127 patients by 
antegrade pyelogram and/or antegrade ureterogram. 

The urodynamic significance of the lesion was established in 102 
patients by computerized radionuclide urogram, in 12 patients solely 
by the Whitaker test, and in another 13 by criteria derived from a 
combination of the two techniques [10]. IV urograms were available 
in 112 patients, and Lasex washout urograms were available in eight 
others. 

A number of factors contributing to the formation of strictures 
were identified. These included neoplastic disease, primary or iatro- 
genic trauma, intrinsic or adjacent inflammatory disease, and, in 
particular, compromise of the vascular supply of the ureter [1]. 

Sixty patients had underlying malignant disease; however, the 
possibility of a malignant cause for the stricture was eliminated by 
brush biopsy (if the lesion involved the uroepithelium) or by guided 
thin-needle biopsy of periureteric tissues (if retroperitoneal or pelvic 
neoplasms were suspected of involving the ureter by contiguous 
extension) [11]. Although 17 of these 60 patients either have since 
died of neoplastic disease or now show recurrence, cytopathologic 
examination at the time of transluminal dilatation determined the 
strictures to be fibrotic. 

In 22 patients, the histologic diagnosis of a devitalized segment of 
the ureter was established on the surgical resection specimen. Radio- 
logic findings and an injury mechanism predisposing to devitalization 
suggested avascular necrosis as cause for the stricture in another 
29 patients. 

The results of transluminal dilatation were judged on both a short- 
term basis (within 3 months after the procedure) and a long-term 
basis (3 months or more). The morphologic effect of transluminal 
dilatation was assessed in all patients by antegrade ureterograms 
performed immediately after dilatation and/or 2 days after removal of 
the indwelling stent catheter. The computed radionuclide urogram 
was accepted as gold standard for detecting deterioration of renal 
function and thus for indicating recurrence or perseverance of a 
urodynamically significant stricture. Serial follow-up radionuclide uro- 
grams were performed on the first or second day after removal of 
the ureteral stent, then at monthly intervals for 3 months and at 6- 
month intervals thereafter. Whitaker tests were performed 2 days 
after removal of the stent catheter in 46 patients in whom the 
computed radionuclide urogram and antegrade urogram could not 
establish unequivocably the perseverance of a urodynamically signif- 
icant stricture [10]. 


Technique 


Detailed etiologic, morphologic, and topographic information about 
the stricture was gathered before deciding on the type of treatment. 
In 54 patients, retrograde ureterograms were added to the antegrade 
study to better define the length of the stricture and its distal margins. 

Entry into the renal collecting system and passage of the guidewire 
(Meditech, Watertown, MA) across the ureteral stricture followed 
established techniques [2, 4, 6, 9]. Thereafter, a balloon catheter 
was introduced and seated across the lesion. To prevent recoil and 
dislodgment when the balloon was inflated, the guidewire was always 
coiled in either the bladder or the ileal loop. In some patients, the 
guidewire was passed through the stoma of the ureteroileostomy to 
stabilize the balloon. 

The length of the balloon had been determined on the preceding 
diagnostic study. The balloon needed to extend to either side of the 
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stricture by a margin of at least 0.5 cm. Balloons either 4 or 6 mm in 
diameter were favored for ureteric strictures, those 6-10 mm were 
used for ureteropelvic junction strictures, and those 8-10 mm were 
used for strictures occurring at a ureteroileostomy site. 

From 1978 through 1981, low-pressure balloons (Meditech) were 
used; thereafter, high-pressure (reinforced-polyethylene) balloons 
(Cook, Bloomington, IN) generally were used. With one exception (a 
1.43-mm coronary balloon catheter, USCI, Bard, Billerica, MA), 7- 
French balloon catheters were deployed in all patients. 

Low-pressure balloons always were distended manually by using 
a 1- to 5-ml syringe. A mixture of contrast medium diluted with water 
at a 1:4 ratio was used for distending the balloon and offered good 
visualization and only minimally increased viscosity. Pressure deliv- 
ered by pressure injector (14-20 Ib) was used for distension of most 
high-pressure balloons. 

The balloon was distended repeatedly for 30-60 sec until the 
disappearance of the “waist” that indicates the presence of a stricture. 
Lack of reformation of a waist configuration (when the balloon was 
deflated) was the accepted criterion for complete and successful 
dissolution of the stricture [2]. 

After successful dilatation, a ureteral stent was placed across the 
stricture. Strictures without historical inference suggesting devitali- 
zation were intubated for 3 weeks. All strictures presumed to be 
caused by devitalization were intubated for 6 weeks. Strictures at 
the ureteropelvic junction attendant to dismembered pyeloplasty were 
intubated for 6-8 weeks. 

Initially, the largest stent that could be fitted comfortably, 7- or 8- 
French, was seated. Thereafter, at weekly intervals, stents were 
exchanged for progressively larger ones until a 9- or 10-French stent 
had been seated. This was done to reduce the ill effects of cicatricial 
restricturing. To facilitate exchange, we used externalized stents in 
more than 90% (115) of our patients. During the early phases of this 
study through 1981, polyethylene stents were favored, later polyur- 
ethane stents were used (Cook). After removal of the ureteral stent, 
a nephrostomy tube was placed into the kidney pelvis for 48 hr as a 
safeguard against temporary obstruction by ureteral edema [12]. 

Bougie dilatation with a tapered vanAndel catheter (Cook) or 
tapered coaxial Teflon dilators (Single Step dilator, Cook) were pre- 
ferred for strictures located at the ureteropelvic junction and at 
ureteroneocystostomy sites in patients with kidney transplants [5, 
13]. To establish a straight line for the transfer of force when bougie- 
dilating ureteropelvic junction strictures, we chose entry via the 
superior calyceal group [2, 9]. 

After bougie dilatation of strictures in ureters that were cadaveric 
transplants, externalized stents were maintained for a maximum of 7 
days and then internalized [2]. This precaution was deemed neces- 
sary to prevent infection in immunosuppressed patients. 

At times, guidewires introduced via an antegrade approach were 
retrieved from an ileal conduit or the female urethra. (Control of both 
the cephalad and caudal ends of the guidewire permitted forceful 
bougie dilatation in either direction.) 


Results 


Regardless of etiology, 30 (91%) of 33 strictures that were 
treated within 3 months after causative noxious injury and 
that had no evidence of compromised vascular supply were 
treated successfully by antegrade transluminal dilatation (Ta- 
ble 1). Conversely, only 23 (53%) of 43 similar strictures that 
had been treated after a delay of more than 3 months were 
treated successfully by transluminal dilatation (Table 1). 

Moreover, the rate of early failure (3 months or less) was 
higher in patients in whom transluminal dilatation was at- 


AJR:150, January 1988 


BENIGN URETERAL STRICTURES 133 


TABLE 1: Results of Transluminal Dilatation of Ureteral Strictures 





Strictures Without Vascular 


Age of Stricture: Compromise 
Etiologic Factor Total No. Early 
Dilatations Failures 
<3 months: 
Nonneoplastic 29 1 
Neoplastic? 4 0 
>3 months: 
Nonneoplastic 18 2 
Neoplastic? 25 10 


Strictures with Vascular 


Compromise 
Late Total No. Early Late 
Failures Dilatations Failures Failures 
2 8 5 1 
0 4 3 0 
3 12 7 1 
5 27 20 4 





* Benign strictures occurring in patients with underlying neoplastic disease, often as a consequence of treatment 


of neoplasm. 


tempted on older strictures; 1 (3%) in 33 with fresh strictures, 
12 (28%) in 43 with old strictures (Table 1). The late-failure 
rate (3 months or later) for fresh strictures without evidence 
of vascular compromise was 6% (2/33); for similar older 
strictures, this rate was 19% (8/43) (Table 1). 

Irrespective of age of stricture and other etiologic factors, 
transluminal dilatation failed in 23 (30%) of 76 strictures 
without evidence of vascular compromise, but in 41 (80%) of 
51 strictures with evidence of devitalization (Table 1). In the 
latter group, 35 were termed early failures and 19 of these 
represented procedural failures (i.e., failure to place the bal- 
loon across the lesion, attain full distension of the balloon, or 
produce an acceptable lumen after bougi dilatation). Con- 
versely, in the group of 76 patients in whom strictures with 
an apparently intact vascular supply had been dilated, there 
were only three procedural failures. 

In the presence of devitalization, the success rate with 
fresh strictures was 25% (3/12); with similar older strictures, 
this rate was 18% (7/39 patients) (Table 1). 

The frequency of vascular compromise of the adjacent 
ureter or stricture was higher in patients with underlying 
neoplastic disease (31 [52%] of 60 patients) than in patients 
with nonneoplastic etiologies (20 [30%] of 67 patients) (Table 
1). The rate of early failure of transluminal dilatation is higher 
for strictures with neoplastic etiologies than for those with 
other etiologies. Early failures occurred in 20 (74%) of 27 of 
such older strictures complicated by vascular compromise 
(Table 1). Sixteen of these were procedural failures. 

Strictures with evidence of compromised vascular supply 
attendant to radiation therapy of underlying neoplastic disease 
were consistently refractory to management by transluminal 
dilatation. Eight of nine such patients were procedural failures. 
In the remaining patient, temporary reprieve was gained for 
412 months, but ultimately a long stricture refractory to further 
transluminal dilatation redeveloped. 

In 16 patients, a second attempt at transluminal dilatation 
of a recurrent stricture has been carried out; in three, a third 
dilatation has been attempted. Of these, only one case of an 
older stricture without compromised vascular supply or neo- 
plastic etiology has been successful so far. Four others have 
not yet been followed for the obligatory 15-month period after 
the second or third attempt at transluminal dilatation, so 
success or failure has not been determined. 


Complications were rare and minor. The ureter was perfo- 
rated in 11 patients while an attempt was being made to pass 
the guidewire. In 10, stents ultimately were placed across the 
stricture, which ensured adequate treatment of the perfora- 
tion. The last patient was treated by percutaneous nephros- 
tomy drainage. There were no sequelae in these 11 patients. 
In another 34 patients, a reduced renal-plasma flow rate was 
noted on computed radionuclide urograms on the day of 
removal of an indwelling stent and after treatment by trans- 
luminal dilatation. IV urograms, however, correctly suggested 
the diagnosis of mucosal edema, which subsided in all pa- 
tients within 3 days under treatment by percutaneous ne- 
phrostomy. 


Discussion 


Percutaneous transluminal dilatation of ureteral strictures 
was successful in 50% of our patients followed for at least 
15 months. This is comparable to other reported results for 
similar techniques [4, 6, 8, 14]. 

An analysis of our data revealed that two factors had 
profound influence on results: the age of and vascular-supply 
status of the stricture and adjacent segments of the ureter. 

The influence of the age of a stricture on response to 
percutaneous transluminal dilatation has been widely recog- 
nized [2, 4, 6, 8, 9, 14]. Although predilection of refractory 
strictures at the ureterovesical or ureterocolonic junction has 
raised the question of vascular compromise, this lead has not 
been pursued [4, 8, 14]. 

In our series, percutaneous transluminal dilatation was 
effective in 91% of patients with fresh strictures without 
evidence of vascular compromise and in 53% of similar older 
strictures, but in only 25% of fresh strictures with vascular 
compromise and 18% of similar older strictures. These statis- 
tics stress the influence of these two factors on treatment 
results. 

Chronicity appears to have a profound impact on the path- 
ologic makeup of such strictures. It increases the procedural 
failure rate of transluminal dilatation. 

No procedural failures occurred when 33 fresh strictures 
without ischemia were being dilated; however, in 43 similar 
older strictures, three procedural failures occurred. Similarly, 
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in 12 patients with fresh strictures compromised by ischemia 
there were three procedural failures, whereas in 39 similar 
older strictures we encountered 16 procedural failures. The 
increased procedural-failure rate reflects the technical prob- 
lems encountered when a stricture becomes more dense and 
fibrotic with age. 

Ischemia is the most adverse factor influencing the ability 
to dilate such strictures and attain salutary long-term results. 
A number of factors predispose to ischemic changes of the 
stricture or adjacent ureter. Chronicity (age) in itself may set 
the stage for ischemic damage. A dense, fibrotic stricture 
compresses vessels and thereby reduces flow rate. De- 
creased oxygenation causes fibrosis and therefore the for- 
mation of a dense stricture. Thus, a vicious cycle is estab- 
lished. Moreover, the damage caused by dilatation of the 
Stricture is repaired by deposition of fibroblasts and then 
subject to the same vicious cycle. 

Certain injury mechanisms are particularly prone to cause 
devitalization [13, 15]. Such injury mechanisms include sur- 
gical procedures designed to remove periureteric lymphatics 
(Wertheim hysterectomy), radiation therapy, chemotherapy, 
inflammatory conditions prone to cause end-arteritis obliter- 
ans (tuberculosis), nearby passage of a high-velocity projectile 
causing thrombosis of end arteries, chronic rejection in kidney 
transplants, or impaction of a calculus for a prolonged period 
of time. In fact, unrecognized devitalization may be a promi- 
nent factor in the formation of many strictures of the female 
pelvic ureter. The fragile nature of the vascular supply of the 
pelvic portion of the female ureter predisposes it to this 
complication. 

To reduce the impact of inevitable restricturing by cicatricial 
repair, we advocate placement of successively larger ureteral 
stents (7- to 10-French) over 3-6 weeks. Fibrocytic healing is 
completed within 3 weeks, and the lumen through the cica- 
tricially-altered ureter is established by the size of the indwell- 
ing stent. Although contraction of scar tissue may occur at a 
later date, the pathophysiologic impact of this late process is 
less pronounced. Despite the reservation expressed by other 
investigators that large stents may cause ureteral ischemia 
and thence stricture, we have not observed any adverse 
effect of larger vs smaller stents [4]. 

The mere presence of neoplastic disease did not influence 
the curability of benign ureteral strictures by antegrade trans- 
luminal dilatation. For example, no failures of antegrade trans- 
luminal dilatation occurred among four fresh ureteral strictures 
in patients with a history of underlying neoplastic disease. 
However, the diagnosis of strictures in patients with neoplas- 
tic disease was often delayed. In patients with underlying 
neoplastic disease, 87% (52/60) of strictures were older 
strictures. Moreover, 52% (31/60) of such strictures also 
manifested ischemic compromise. It is therefore not surprising 
that 12 procedural and ultimately 24 failures occurred in 27 
older strictures with ischemic compromise in patients with 
underlying neoplastic disease. 

Meticulous follow-up by computed radionuclide urography 
is the key to early recognition of deteriorating renal function 
that may indicate restricturing. Then antegrade ureterograms 
and/or Whitaker tests can be performed to confirm recurrence 
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of the stricture and institute corrective measures such as 
repeated antegrade transluminal dilatation or surgery. 

Admittedly, surgical resection of ureteral segments with 
compromised vascular supply and reanastomosis of only 
viable and well-perfused segments result in a higher cure rate 
for ureteral strictures [16-18]. However, in many instances, 
the vascular supply of long segments of both ureters is 
compromised, and such salvage procedures as transureter- 
oureterostomy, Boari flaps, and bowel interposition devised 
to bridge noncompromised to noncompromised tissues be- 
come exceedingly difficult (if not impossible) [16-18]. 

On the basis of our experience, transluminal dilatation is 
the procedure of choice for fresh strictures with seemingly 
intact vascular supply. Surgery may be preferable in the 
management of strictures with impaired vascular supply be- 
cause the culprit tissue initiating the vicious cycle is removed. 
Nonetheless, an attempt at antegrade transluminal dilatation 
of even older or ischemically compromised strictures may be 
justified. Some such strictures respond to this relatively non- 
invasive and inexpensive procedure; for the other patients, 
surgery is neither significantly delayed nor compromised. 
Moreover, some of the procedural failures in our early expe- 
rience may prove amenable to antegrade transluminal dilata- 
tion with the now-used high-pressure balloons. 
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Stage IB Cervical Carcinoma: 
Comparison of Clinical, MR, and 
Pathologic Staging 





In patients with stage IB cervical carcinoma (carcinoma confined to the cervix), 
accurate staging is essential in order to determine the best treatment strategy—that is, 
whether to use surgery alone or surgery in combination with pre- or postsurgical radiation 
therapy. Currently, decisions regarding the management of patients are made on the 
basis of clinical staging that has an error rate of 34-39% (when surgical staging is used 
as the standard). To investigate the value of MR in staging patients with IB cervical 
cancer, we performed prospective MR examinations in 27 patients who had cervical 
carcinoma. Of these, 10 were clinically staged as having IB cervical carcinoma and 
underwent radical hysterectomy, providing specimens for pathologic correlation. In six 
of these 10 patients, the extent of disease had been underestimated during clinical 
examination under anesthesia. These six patients would have received radiation therapy 
before surgery had the MR information been used at the treatment-planning stage. 

MR imaging correlated better with surgical pathology than did clinical examination 
under anesthesia in determining the location and extent of tumor. MR imaging should 
be used in conjunction with clinical staging to determine appropriate therapy in patients 
with stage IB cervical carcinoma. 


In patients with stage IB cervical carcinoma, the selection of optimal therapy 
depends on precise assessment of the extent of disease before surgery. Appro- 
priate International Federation of Gynecology and Obstetrics (FIGO) staging is 
required to distinguish IB carcinoma (confined to the cervix) from more advanced 
stages of disease (beyond the cervix to the upper two-thirds of the vagina [IIA], 
the parametrium [IIB], the lower one-third of the vagina [IIIA], the pelvic sidewall or 
ureter [IIIB], or the bladder, rectum, or distant sites [IV]). In addition, precise clinical 
assessment of tumor volume is necessary, as patients with large exophytic IB 
lesions or barrel-shaped cervices will receive presurgical radiation therapy followed 
by extrafascial hysterectomy, while more localized IB lesions are treated by radical 
hysterectomy. Previous studies have shown errors of 34-39% in clinical staging 
(when surgical staging is used as the standard) [1], while CT has an accuracy rate 
of only 50% in distinguishing IB from IIB lesions [1, 2] and cannot distinguish the 
primary lesion within the cervix at all. We evaluated the role of MR in determining 
the extent of tumor within the cervix and in accurately staging the disease. 


Materials and Methods 


Between April 1985 and April 1987, 27 patients with carcinoma of the uterine cervix were 
evaluated with 1.5-T MR. Fourteen of these patients were staged as having IB lesions after 
examination under anesthesia. Of this subset, four patients were thought clinically to have 
bulky disease and were treated with radiation therapy before hysterectomy. The remaining 
10 patients, who ranged in age from 27 to 76 years, underwent radical hysterectomy, 
providing specimens for pathologic correlation. These 10 patients, all of whom had primary, 
untreated cervical carcinoma, were prospectively evaluated with MR and clinical examination 
(including examination under anesthesia as well as cystoscopy and sigmoidoscopy). CT was 
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Fig. 1.—CT and MR images. 

A, Axial MR image (TR = 2000 msec, TE = 40 msec) shows a high-signal lesion (arrows) extending along entire right and anterior portion of cervix. 

B, Sagittal view shows craniocaudal tumor extent with bulk of tumor mass in anterior lip (white arrows), as well as a small focus posteriorly (black 
arrow). MR predicts deep primary tumor extending into stroma. 

C, CT image shows soft-tissue bulk on left with mild thickening of proximal left uterosacral ligament (arrows). 


performed in seven of 10 patients. The three evaluations were 
performed within a 2-week period. Treatment choices were deter- 
mined solely on the basis of the clinical examination. 

All patients were examined under anesthesia by the gynecologic 
surgeon to determine the appropriate clinical FIGO stage. The cervix 
and vagina were visually inspected for superficial evidence of the 
extent of tumor. Biopsies were not routinely performed since patients 
were usually referred only after a biopsy had confirmed the diagnosis 
of invasive carcinoma. However, if vaginal lesions were identified that 
would change the clinical stage, these were biopsied at the time of 
examination under anesthesia. Bimanual palpation was performed to 
assess the bulk of the cervix and to estimate the tumor volume. The 
parametria, uterosacral ligaments, and pelvic sidewalls were palpated 
to assess tumor extension. The rectum was examined manually and 
sigmoidoscopically to check for tumor extension. Cystoscopy was 
also performed to detect bladder involvement. 

CT imaging was performed in seven of the 10 patients with a 
General Electric 8800 CT scanner; oral, IV, and rectal contrast 
materials were used. Oral contrast material consisted of 1000 ml of 
E-Z-Cat (E-Z-M, Whitby, Ont., Canada) given 30 min before the 
examination. Rectal contrast material was provided by a 500-ml 
Gastrografin enema (Squibb, Princeton, NJ) given on the CT table as 
imaging began. A vaginal tampon was inserted for air contrast, and 
IV contrast material was administered as a 50-ml bolus of a 60% 
iodine solution at the beginning of the scan; a second 50-ml bolus 
was given at the level of the cervix. Slice thickness was 1 cm from 
the mid abdomen to the cervix; 0.5-cm targeted slices were used 
through the cervix. CT staging was performed by using the criteria 
of Walsh and Goplerud [1] and Vick et al. [3]. Stage | cervical 
carcinoma is confined to the cervix. Stage IIB disease has irregular 
cervical borders, a parametrial mass, or prominent parametrial soft- 
tissue strands. Stage IIIB disease exhibits sidewall extension or 
hydronephrosis. CT examinations were interpreted prospectively 
without knowledge of clinical or MR results. 

MR examinations were performed in all 10 patients by using a 1.5- 
T General Electric Signa system. Pulse sequences included a sagittal 
series through the uterus (5-mm-thick slices with no gaps, repetition 
time [TR] of 2000 msec, echo time [TE] of 40 or 80 msec) and an 


axial series (1-cm-thick slices with no gaps, TR of 2000 msec, TE of 
40 or 80 msec) from the base of the cervix to the aortic bifurcation. 
A third axial partial-saturation sequence was originally used (TR of 
600 msec, TE of 25 msec, 1-cm-thick slices with no gaps) through 
the cervix and uterus. Recently this sequence has been replaced by 
a fat-suppression sequence. All sequences were performed on a 128 
x 256 matrix with two excitations (one average). MR imaging time 
averaged 45 min. 

Tumor on MR (Figs. 1A and 1B) was identified as high signal 
intensity replacing the normal low-signal-intensity cervical stroma. 
Staging criteria were those used for CT (above) plus the inclusion of 
Stages IIA (tumor in the upper two-thirds of the vagina) and IIIA (tumor 
in the lower one-third of the vagina). All MR studies were interpreted 
prospectively without knowledge of the results of CT or clinical 
examination. 

Assessments of the extent of tumor were prospectively drawn on 
axial and sagittal diagrams for each clinical, MR, CT, and pathologic 
examination. The imaging and clinical examinations were then com- 
pared with the pathologic findings. Parametrial extension and lymph 
node involvement were also evaluated. Estimates of lesion size (in 
centimeters) were given for clinical and MR examinations and were 
then compared with pathologic measurements. Agreement within 1 
cm in each plane was considered a concordant result. A mismatch 
of more than 1 cm in one or more planes was classified as a 
discordant result. In all cases the prospective, blinded initial assess- 
ments were used to determine the accuracy of each method as 
measured against the pathologic findings. 


Results 


MR and clinical staging both agreed with pathologic staging 
and assigned all 10 patients to stage IB. Of the seven patients 
who had CT examinations, four were correctly staged as IB 
and three were overstaged as IIB. CT therefore provided no 
useful staging information as compared with either clinical or 
MR evaluations. Examination under anesthesia, CT, MR im- 
aging, and frozen-section examination all failed to detect 
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microscopic tumor invasion of 1-cm-diameter pelvic lymph 
nodes in one patient. Pelvic lymph node involvement does not 
change the FIGO stage; however, it does alter the patient's 
prognosis and sometimes the therapy. In the remaining pa- 
tients, there was no evidence of nodal involvement on pre- 
surgical examinations or in the hysterectomy specimens. 

In evaluating the extent of primary tumor within the cervix, 
clinical staging was correct in only three of 10 patients; the 
extent was underestimated in six and overestimated in one. 
MR was correct in nine of 10 patients and underestimated 
the tumor in one patient. CT was unable to identify the primary 
tumor at all (Fig. 1C) and therefore contributed nothing to 
treatment decisions regarding stage IB lesions. Cervical tumor 
was identified on the T2-weighted MR images as a high- 
signal-intensity lesion as compared with the normally low- 
signal-intensity cervical stroma (Figs. 1A and 1B). The high- 
signal regions on the MR images corresponded exactly to 
invasive carcinoma pathologically. In the one case in which 
MR underestimated the extent of primary tumor, only a small 
zone of high signal was seen on the posterior cervical lip (Fig. 
2). Surgical pathology showed a plaquelike lesion covering 
the entire portio of the cervix with a maximum invasion of 3- 
5 mm on the posterior lip. In addition to the primary lesions, 
three of the 10 patients had foci of carcinoma in situ that 
could not be detected by MR. 

The outcome in each case was related directly to the 
estimate of the extent of disease made in clinical staging. All 
six patients in whom the extent of disease was underesti- 
mated clinically required postsurgical radiation therapy. In five 
of these six patients, the tumor volume was markedly under- 
estimated by clinical examination, whereas MR showed that 
50-90% of the cervix had been replaced by tumor. The 
remaining patient had a 2-cm lesion on the anterior lip, replac- 
ing 20% of the cervix. At examination under anesthesia, the 





Fig. 2.—Sagittal T2-weighted image (TR = 2000 
msec, TE = 80 msec) shows a large cervix with 
only a small zone of increased signal on posterior 
lip (arrow). Clinical estimate of disease was 50% 
replacement. Pathologic examination revealed a 
superficial lesion with a 3-5 mm depth of invasion 
(maximal on posterior lip). 
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lesion was thought to be smaller and confined to the endo- 
cervical canal, whereas MR showed that it extended through 
the cervical stroma, correctly predicting the transmural tumor 
involvement seen histologically (Figs. 3A and 3B). 


Discussion 


In our comparison of clinical examination and MR in the 
FIGO staging of stage IB carcinoma of the cervix, both 
methods correlated exactly with the surgical staging. The 34- 
39% error rate for clinical staging reported in the literature [1] 
includes all stages of cervical carcinoma and does not discrim- 
inate particularly between stage IB and stage II disease. When 
stages | and Il are considered separately, 20-22% of patients 
with stage | carcinoma and 39-44% of patients with stage II 
disease were understaged clinically [4, 5]. In addition, our 
sample size is small, and we lack pathologic specimens for 
any clinical stage Il disease. 

In assessing the extent of disease within the cervix, MR 
most closely approximated the pathologic findings in the 
hysterectomy specimens, with correct estimates in nine of 10 
patients, whereas clinical examination was correct in only 
three of 10 patients. Accurate presurgical estimates of the 
extent and location of tumor are required to make appropriate 
decisions regarding patient management. Presurgical racia- 
tion therapy is used in patients with barrel-shaped cervices 
or large exophytic lesions. 

At our institution postsurgical radiation therapy of IB lesions 
is performed if positive lymph nodes or transmural invasion 
are present, if tumor margins in the hysterectomy specimen 
are inadequate, or if a majority of the cervix has been replaced 
by tumor. There is a 15-20% frequency of major bowel 
complications (including fistula, obstruction, perforation, and 
stricture) when radiation therapy is performed after radical 





Fig. 3.—A, Axial image through cervix (TR = 2000 msec, TE = 40 msec) shows a focus of 
increased signal anteriorly (arrow). Note transmural extent of lesion. Clinically this tumor was thought 
to be confined to the endocervix. 

B, Sagittal view (TR = 2000 msec, TE = 40 msec) shows tumor location (solid arrow) as well as 
replacement of normal low-signal-intensity cervical stroma (open arrow). Fat plane between cervix 
and bladder is preserved. 
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hysterectomy, as compared with a 7.5% frequency when 
therapy is performed before surgery [6]. With surgery alone, 
the frequency of complications is 1%, while with radiation 
alone, the frequency is 3.5% [6]. Clearly, the choice and 
timing of radiation therapy are important to ensure that the 
patient will receive optimal care. 

During our investigation of the accuracy of MR, decisions 
regarding the use of surgery and radiation therapy were made 
by the gynecologic surgeon on the basis of clinical staging 
alone. MR during this period was considered investigational 
in nature. Of 10 patients, the extent of primary cervical 
disease was underestimated clinically in six. These six pa- 
tients all required postsurgical radiation therapy. Had the MR 
findings been available at the treatment-planning stage, these 
six patients would have received radiation therapy before 
surgery and would have had an extrafascial hysterectomy 
rather than a radical hysterectomy. 

A pitfall for MR is that it underestimated the extent of 
disease in very superficial lesions and did not detect foci of 
carcinoma in situ. These MR findings correlate well with those 
reported in the literature for low- and high-field-strength ma- 
chines [7, 8]. In these instances, examination under anes- 
thesia complemented MR in detecting superficial and in situ 
lesions. MR also failed to detect microscopic invasion of 
normal-sized pelvic lymph nodes. However, neither clinical 
examination, CT, nor frozen-section examination detected 
the microscopic tumor in this patient. 

In conclusion, MR correlated better with surgical pathology 
than did either clinical examination or CT in determining the 
extent of primary tumor. MR was equal to examination under 
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anesthesia in staging patients, and both were superior to CT, 
which overstaged three of seven patients. MR was equal to 
Clinical evaluation and CT in assessing pelvic adenopathy. In 
assessing stage IB cervical carcinoma, MR provides valuable 
information for treatment planning that cannot be obtained 
with clinical staging alone. 
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Endometrial Abnormalities: 
Evaluation with Transvaginal Sonography 





The value of transvaginal sonography in detecting gynecologic disease currently is 
being defined. To evaluate transvaginal depiction of the endometrium, transvaginal 
sonograms were compared with conventional transabdominal scans in 29 patients 
whose sonograms revealed endometrial abnormalities. The two techniques were com- 
pared for image quality and ability to provide unique diagnostic information. Sonographic 
findings included fluid collections (16), thickened and/or echogenic endometria (10), 
endometrial irregularities (two), and echogenic foci (two). Clinical diagnoses included 
early intrauterine pregnancies (five), pseudogestational sacs of ectopic pregnancy (one), 
intrauterine contraceptive devices (two), endometrial carcinoma (one), and intrauterine 
synechiae with amenorrhea (Asherman syndrome) (two). In most cases (77%), diagnos- 
tic information was obtainable by either transabdominal or transvaginal sonograms, 
although in 23% transvaginal scanning provided unique diagnostic information not 
available with the transabdominal technique. In no case did transabdominal sonography 
contribute diagnostic information not provided transvaginally. The quality of the trans- 
vaginal image was judged to be better than that of the transabdominal image in 63% of 
cases; image quality was the same in 33% of cases and worse in 3% of cases. 

The results show that transvaginal sonography is often superior to transabdominal 
scanning in the evaluation of endometrial abnormalities. Transvaginal sonography may 
be the preferred technique in these cases. 


Transvaginal sonography is a new endosonographic technique in which high- 
frequency transducers are placed in the vaginal vault to image pelvic structures 
directly. Preliminary reports support the usefulness of this technique [1]. Trans- 
vaginal imaging of the ovaries, particularly in cases of infertility, is useful to assess 
follicular growth and to guide aspiration of follicular contents for in vitro fertilization 
[2-4]. To determine the value of transvaginal sonography in detecting diseases of 
the endometrium, we compared the transvaginal and transabdominal sonograms 
in 29 patients with endometrial abnormalities. 


Materials and Methods 


During the past 15 months, we examined nearly 300 patients by using both transvaginal 
scanning and conventional abdominal sonography. The scans of 29 of these patients whose 
sonograms showed abnormal endometrial findings were included in this study. Twenty-eight 
patients were premenopausal, ranging in age from 17 to 38 years; one 60-year-old woman 
was postmenopausal. Sonographic examinations were included if abnormalities were present 
on either transvaginal or transabdominal scans. Many findings could be identified with either 
technique. 

Clinical indications for sonography included bleeding, abdominal pain, palpation of a pelvic 
mass, infertility, and location of an intrauterine contraceptive device. Standard full-blacder 
transabdominal scans and transvaginal scans were performed in all cases. 

Transabdominal sonography was performed first by using either Acuson, Philips, Diasonics, 
or General Electric scanners. A variety of linear and sector scanners ranging in frequency 
from 3 to 5 MHz was used. With the patient’s bladder full, the uterus was scanned 
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longitudinally and transversely. The patients were then asked to void, 
and transvaginal sonograms were obtained. A Philips 5-MHz, 13-mm 
(diameter), forward-looking, mechanical-sector transducer was used 
with a Philips SDR 1500 unit. It has a sector angle of 90°, and its 
point of maximum focus is 5 cm (range, 2.5-7 cm). The length of the 
probe is 19.5 cm, and the length of the handle is 10.2 cm. The widest 
diameter of the probe footprint is 2.8 cm. The probe was placed 
inside a condom that contained coupling gel. Additional gel was 
placed on the covered probe. 

The advantages of having the transducer closer to the pelvic 
viscera were explained to each patient. If the patient preferred, she 
inserted the probe into the vagina herself. Most frequently, however, 
the transducer was placed by the radiologist or technologist. Depth 
of probe insertion was dependent on the length of the vagina in 
individual cases. When there was appropriate insertion, the uterine 
fundus was frequently the first structure to come into view, which 
was helpful for orientation. Multiple sections through the uterus were 
recorded in coronal and sagittal planes. 

Four radiologists separately evaluated each study, comparing the 
transabdominal scans with the transvaginal scans in each case. Two 
authors had knowledge of the patients’ clinical circumstances and 
had monitored the studies at the time they were performed. The 
other two authors had no clinical information and had not seen the 
sonograms earlier. Transvaginal and conventional transabdominal 
techniques were compared in random sequence, depending on the 
order in which films were pulled from the jackets. In judgments of 
image quality, at least three of the four radiologists had to agree in 
each case. In most cases, agreement was unanimous. 

All of the sonographic findings were categorized and tabulated 
(Table 1). For each group of sonographic findings, transvaginal im- 
ages were graded as better than, equal to, or worse than transab- 
dominal images in terms of image quality, a composite sonographic 
characteristic including resolution, contrast, and anatomic delineation. 
If the sonographic appearance permitted a specific diagnosis from 
several diagnostic possibilities, the transvaginal and transabdominal 
images were then compared to determine if either provided unique 
diagnostic information. Diagnoses were confirmed surgically, when 
possible, by definitive sonographic findings or by a combination of 
Clinical findings and sonographic correlation. 


Results 


Thirty endometrial abnormalities were identified in the 29 
women studied. The sonographic findings were classified as 


TABLE 1: Comparison of Sonographic Findings? 
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follows: (1) hypoechoic and anechoic collections, (2) increased 
endometrial echogenicity and thickness, (3) serpiginous irreg- 
ularities, and (4) echogenic shadowing foci. 

Sixteen (53%) of the sonographic findings represented fluid 
within the endometrial cavity. These fluid collections ranged 
in diameter from 0.3 to 1.5 cm. In 12 (75%) of these 16 
collections, the transvaginal scans had better image quality 
than did the transabdominal studies; in the other four (25%), 
the image quality was equal. In no instance did the transab- 
dominal technique provide better image quality. 

Transvaginal scanning gave diagnostic information not ob- 
tained by using the transabdominal technique in seven (44%) 
of the 16 cases. In five cases, the transvaginal approach 
showed yolk sacs (four cases) or fetal poles (one case) within 
these fluid collections that were not seen by transabdominal 
scanning (Fig. 1). The transvaginal findings established these 
fluid collections as small gestational sacs. In the other two 
cases, fluid collections not imaged by standard transabdomi- 
nal technique were identified transvaginally. One of these fluid 
collections was a pseudogestational sac in a patient with an 
adnexal mass that was an ectopic pregnancy. The other fluid 
collection, which was not clinically significant, was most likely 
related to the periovulatory phase of the patient’s menstrual 
cycle. 

Increased endometrial echogenicity and thickness were 
seen in nine premenopausal women suspected of having 
ectopic pregnancies. Six of these patients, whose serum beta 
human chorionic gonadotropin assays were positive, had 
surgically proved ectopic pregnancies, and the endometrial 
thickening probably represented decidual reaction. In three 
patients, endometrial thickening was present without other 
Clinical evidence for ectopic pregnancy, and the sonographic 
findings were nonspecific, possibly related to menstrual 
phase. The tenth patient was postmenopausal and presented 
with pelvic pain. Sonographic findings included a polypoid 
echogenic mass and fluid within the endometrial cavity (Fig. 
2), representing, respectively, endometrial carcinoma and en- 
trapped fluid. Each of these sonographic findings was placed 
into a separate category. In four (40%) of these ten patients, 
the endometrium was visualized better on the transvaginal 
scans. In six patients (60%), the image quality was the same 


S 


Image Quality 
Total No. of 
Sonographic Findings Findings TA TV TA and Clinical Correlation (no. of patients) 
(%) Better Better TV Equal 
(%) (%) (%) 


— esses :.—O—0 0 Cs 


Hypoechoic and anechoic 


Gestational sacs (5), pseudogestational sacs 
(1), periovulatory nonspecific collections 


collections 16 (53) 0 12 (75) 4 (25) (10) 
Increased endometrial Ectopic pregnancy (6), normal menstrual 
echogenicity and thickness 10 (33) 0 4 (40) 6 (60) cycle (3), endometrial carcinoma (1) 
Serpiginous irregularities 2 (7) 0 2 (100) 0 Intrauterine synechiae (2) 
Echogenic shadowing foci 2 7) 1 (50) 1 (50) 0 Contraceptive devices (2) 
Total number of findings (%) 30 (100) 1 (3) 19 (63) 10 (33) 


*“ Note.—29 patients with endometrial diseases had both transvaginal (TV) and transabdominal (TA) sonograms. One patient had two abnormal findings, so the 
total number of findings is 30. 
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Fig. 1.— 16-year-old girl with a clinical diag- 
nosis of ectopic pregnancy. 

A, Transabdominal sonogram shows a small 
endometrial fluid collection (arrow) with no inter- 
nal echoes. No distinct echogenic foci could be 
seen on multiple views. Full bladder (B). 

B, Transvaginal coronal projection reveals 
yolk sac (arrow) within fluid collection establish- 
ing an intrauterine pregnancy. 


Fig. 2.—Endometrial carcinoma in a 60-year- 
old woman with pelvic pain. 

A, Transabdominal longitudinal sonogram 
shows echogenic mass (arrows) surrounded by 
fluid within endometrium. 

B, Transvaginal sagittal sonogram shows 
mass to be polypoid (arrows) and separates 
mass from myometrium. Fluid collection (aster- 
isk) is more obvious than on transabdominal 
sonography. 


with both transabdominal and transvaginal techniques. In 
none of these cases did either scanning technique provide 
unique diagnostic information. 

Serpiginous echogenic endometrial irregularities surround- 
ing multiple cystic areas were seen in two infertile patients 
with the clinical diagnosis of Asherman syndrome, a postcu- 
rettage or postinflammatory condition marked by intrauterine 
synechiae, amenorrhea, and infertility. In one patient, the 
findings on hysterosalpingography correlated with the sono- 
graphic appearance (Fig. 3). In both cases, the images ob- 
tained transvaginally were of better quality, although both 
techniques yielded the same diagnostic information. 

Echogenic shadowing foci were seen in the endometria of 
two asymptomatic patients in whom location of intrauterine 
contraceptive devices was of concern. In one case, the quality 
of the image was better in the abdominal scan. The larger 
field of view in the standard full-bladder transabdominal son- 
ogram allowed us to identify the intrauterine device. In the 
other case, echogenicity and shadowing were better shown 
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transvaginally. However, the findings were identified with both 
techniques. 

Of the 30 endometrial sonographic findings studied, trans- 
vaginal image quality was better than that provided by stand- 
ard technique in 19 (63%), and in 10 (33%) the image quality 
was the same. In seven (23%) of the sonographic findings, 
the transvaginal technique contributed unique diagnostic in- 
formation not available by transabdominal scanning. In no 
case did the full-bladder technique provide unique diagnostic 
information that was not obtainable transvaginally. 


Discussion 


The ability of sonography to detect subtle changes in the 
endometrium makes it the diagnostic technique of choice. 
Endometrial findings that can be detected sonographically 
have been well described [5-7]. These include intrauterine 
fluid collections, thickened endometria, and echogenic foci 
that may cause acoustic shadowing [8-11]. 
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Fig. 3.—30-year-old infertility patient with history of multiple dilatation and curettage procedures. 

A, Transabdominal transverse scan suggests tiny cystic structures within echogenic endometrium (arrow). 

B, Transvaginal scan better characterizes irregular echogenic structures with cystic components (arrow). 

C, Hysterosalpingogram shows irregular filling defects (arrows) in fundus of uterus consistent with synechiae (Asherman syndrome). 


While transvaginal scanning provided notably better image 
quality in most cases, it yielded diagnostic information not 
available by transabdominal scanning in only seven (23%) of 
the 30 findings; in all of these cases, the patients had endo- 
metrial fluid collections. In five of the seven cases, additional 
diagnostic information was of clinical significance. Transva- 
ginal visualization of a yolk sac or fetal pole within the fluid 
collection, not identified by transabdominal sonography, es- 
tablished the existence of an early intrauterine gestational 
sac. A yolk sac could be seen at least 1 week earlier with the 
transvaginal technique than with the transabdominal tech- 
nique. 

Transvaginal scanning depicts the endometrial-myometrial 
interface more clearly than does the full-bladder transabdom- 
inal technique. In a postmenopausal patient with an endo- 
metrial polypoid mass due to carcinoma, the myometrium 
was Clearly separable from the endometrium, and there was 
no suggestion of invasion. In the two patients with intrauterine 
contraceptive devices, transvaginal scanning helped to con- 
firm their positions within the endometrium. Ability to visualize 
the interface between endometrium and myometrium has 
Clinical applicability when perforation or embedding of these 
devices is suspected. 

The proximity of the transvaginal probe to the endometrium 
accounts for higher resolution (with greater anatomic detail 
and better tissue textural differentiation) than that afforded 
by transabdominal probes of the same frequency. Transva- 
ginal sonography’s limited field of view is a drawback in 
patients with extensive adnexal lesions but is not a consid- 
eration when the endometrium is of concern. In our study, 
there was no situation in which transabdominal scanning was 
able to provide significant information not revealed by trans- 
vaginal scanning. Transvaginal sonography, however, sup- 


plied additional information, permitting a diagnosis to be made 
in 23% of the patients; this was particularly important in 
excluding ectopic pregnancies. These preliminary findings 
suggest that the transvaginal approach may be the technique 
of choice in evaluating the endometrium for suspected abnor- 
malities. 
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Case Report 





Carcinoid of the Kidney: Radiologic Findings 


Dave K. McKeown,’ Gia-Khanh Nguyen,’ Brian Rudrick*, and Mary Ann Johnson’ 


Primary carcinoid tumor of the kidney is an extremely rare 
lesion. Only 10 cases have been reported in the literature [1- 
7]. This report describes a case with radiologic findings. 


Case Report 


A 33-year-old man was referred to the University of Alberta Hos- 
pitals for investigation of painless hematuria associated with a right 
renal mass. Repeat sonography confirmed a hyperechoic mass cen- 
tered at the renal sinus with anterolateral extension into the upper 
pole of the right kidney. The mass was incompletely marginated by 
a thin, anechoic rim (Fig. 1A). Angiography showed that the mass 
was relatively hypovascular, supplied by a small superior right renal 
artery (Fig.1B). Selective right main renal artery opacification revealed 
displacement of vascular branches, infundibula, and calices by the 
mass in a manner simulating the appearance of a renal cyst (Fig. 1C). 

A right radical nephrectomy was performed. Examination of the 
specimen showed a 5-cm-diameter multilobulated mass separated 
from the renal capsule by a thin rim of compressed renal parenchyma. 
Microscopically, the neoplasm was a primary renal carcinoid tumor 
with foci of anaplastic small cell carcinoma. The patient was well with 
no evidence of metastatic disease 3 years after surgery. 


Discussion 


Carcinoid tumor in the kidney presents little difficulty in 
histologic diagnosis despite its rare location. Its histogenesis, 


however, is not as readily understood, as the neuroendocrine 
cells are not normally detected in kidney or renal pelvis. 

Radiologically, primary renal carcinoid tumor is an addition 
to the list of rare causes for a renal mass. Since the first 
recognized case in 1966 [1], 10 cases of primary renal carci- 
noid tumor have been reported. Three of these cases arose 
within teratoid malformations of the kidney [2, 3] and presum- 
ably had radiologic features atypical for a renal cell carcinoma. 
Another case was found during histologic reassessment cf a 
misdiagnosed renal cell carcinoma for which gross and racio- 
logic features were not provided [4]. 

Of the remaining six cases, all were described as moderate- 
to large-sized tumors ranging from 7 to 30 cm in greatest 
dimension [1, 3-7]. Five were reported to be predominantly 
solid; one was cystic [5], with tumor in soft polypoid projec- 
tions from the cyst wall. Both central [6] and peripheral [3] 
calcification was described, and tumor margination by a fi- 
brous capsule was frequently noted [3, 4, 6, 7]. Excretory 
urography was performed in four cases. The excretory uro- 
gram was interpreted as normal in one instance [1], as 
unilateral nonexcretion in another [7], and as mild calicea! or 
renal pelvis dilatation in the other two [4, 6]. Angiographic 
findings in a single case showed peripheral hypovascularity 
around an essentially avascular mass [6]. No descriptions of 
sonographic or CT findings have been reported previously. 

The partial pseudoencapsulation in our case is interesting, 
as are the sonographically hyperechoic texture and angio- 
graphically hypovascular nature of the tumor, which are fea- 
tures also shown in a second example of renal carcinoid seen 
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Fig. 1.—A, Longitudinal sonogram shows round hyperechoic mass (arrows) incompletely marginated by thin, anechoic rim. 


B, Angiogram shows tumor to be hypovascular (arrows). 


C, Selective angiogram shows tumor displacing branches of main right renal artery. Appearance simulates a cyst. 





recently at the University of Alberta Hospitals (Fig. 2A). This 
additional carcinoid was a bilobed tumor arising from the renal 
pelvis. It contained peripheral foci of globular calcification (Fig. 
2B). 

All of these radiographic features have been observed in 
renal cell carcinoma, the major differential diagnosis. Subra- 
manyam and Bosniak [8] noted that in renal cell carcinoma a 
pseudocapsule of compressed parenchyma and fibrous tissue 
often is present. Also, renal cell carcinoma could have an 
echogenicity less than, more than, or similar to that of normal 
renal parenchyma, with increased echogenicity often but not 
always Corresponding to increased vascularity. Further, renal 
cell carcinoma, while classically hypervascular, is necrotic, 
and thus is angiographically hypovascular or “avascular” in 
about 5% of cases. Finally, radiologically detectable calcifi- 
cation is present in 10-20% of cases of renal cell carcinoma. 
Thus, while it is evident that the few reported renal carcinoids 
share some radiographic features with renal cell carcinoma, 
it is hoped that more cases of carcinoid of the kidney will be 
Studied by imaging techniques to further define the radiologic 
characteristics of these neoplasms. 


Fig. 2.—A, Transverse sonogram of right kid- 
ney in right anterior oblique position shows hy- 
perechoic mass and shadowing from calcifica- 
tion (arrows). 

B, Contrast-enhanced CT scan at similar level. 
Bilobed tumor enhances minimally and contains 
foci of globular calcification. 
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Case Report 





Renal Stone Ileus 


Duke K. Bahn," Richard K. J. Brown,' Alan A. Reidinger,' Peter A. Duhamel,* Ker-Yen Shei,’ Haribabu Gontina,° 


and Robert M. Brenner? 


Renoalimentary fistulae are rare and most often are caused 
by malignant disease. Simple and spontaneous fistulae do 
occur but are unusual. We report a case of renoduodenal 
fistula, associated with a staghorn calculus that passed 
through the fistula and caused a small bowel obstruction. 


Case Report 


An 88-year-old woman presented with typical signs and symptoms 
of small bowel obstruction. Previous medical history included a cho- 


Fig. 1.—A, Plain abdominal radio- 
graph made before admission shows 
staghorn calculus in right kidney. Cal- 
culus is fragmented in its upper portion 
(arrow). 

B, Plain film at time of admission 
shows an early small bowel obstruc- 
tion. Notice that small portion of calcu- 
lus remained in kidney and main por- 
tion of calculus is now in lower abdo- 
men (arrows). 


lecystectomy and a known staghorn calculus in the right kidney. In 
1984 the patient fell, injuring her right flank. A draining sinus devel- 
oped that persisted until 3 months before she was admitted to the 
hospital. 

An earlier plain abdominal radiograph had revealed a large staghorn 
calculus in the right kidney (Fig. 1A). However, an abdominal film at 
the time of admission showed only a small calculus in the kidney (Fig. 
1B). A larger fragment of the stone was evident in the lower abdomen. 
Dilatation of the small bowel was present, suggesting an early small 
bowel obstruction. A CT scan showed that the calculus was located 
within the lumen of the distal ileum. 








Received July 10, 1987; accepted after revision August 25, 1987. 


' Department of Radiology, Crittenton Hospital, 1101 W. University, Rochester, MI 48063. Address reprint requests to D. K. Bahn. 
? Department of Surgery, Crittenton Hospital, 1101 W. University, Rochester, MI 48063. 
3 Department of Urology, Crittenton Hospital, 1101 W. University, Rochester, MI 48063. 


AJR 150:145-146, January 1988 0361-803X/88/1501-0145 © American Roentgen Ray Society 


146 BAHN ET AL. 


At surgery, the diagnosis of renal stone ileus was confirmed and 
the renoduodenal fistula was identified. The staghorn calculus was 
removed from the distal ileal loop. Because the patient was a poor 
surgical risk, the fistulous tract was not repaired. The patient had an 
uneventful postsurgical course. 


Discussion 


There have been no previous reports of small bowel ob- 
struction resulting from a renal stone passed through a re- 
noduodenal fistula (i.e., renal stone ileus). We believe that the 
cause of the fistula in this case was trauma with subsequent 
chronic nonspecific inflammation. 

Renoalimentary fistulae are rare and usually are caused by 
malignant disease [1, 2]. However, chronic inflammation in- 
cluding tuberculosis and hydatid disease have all been cited 
as causes [1, 3, 4]. Recently, there have been a few case 
reports of renoduodenal fistulae as complications of percu- 
taneous nephrolithotomy [5]. Jones [6] reported a case of 


AJR:150, January 1988 


mechanical duodenal obstruction caused by a calculus that 
passed through a fistula between the right renal pelvis and 
the duodenum. Renocolic fistulae are probably the most 
common form of renoalimentary fistulae [3]. 

Although renal stone ileus is rare, it should be considered 
in cases of small bowel obstruction in which there is an 
abdominal calculus with an unusual shape and location. 
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Paleoradiology 





Three-Dimensional CT Reconstructions of an Ancient 


Human Egyptian Mummy 


Myron Marx' and Sue H. D'Auria’? 


Between 1983 and 1987, 15 wrapped human Egyptian 
mummies were studied with both CT and conventional film/ 
screen radiography in a collaborative project between the 
Department of Radiology, Brigham and Women's Hospital, 
Boston, MA, and the Museum of Fine Arts, Boston. Prelimi- 
nary results from this project have been reported previously 
[1]. We recently took the digitized CT data from the exami- 
nation of the mummy Tabes, Songstress of Amun, and cre- 
ated three-dimensional images. This data manipulation re- 
sulted in realistic images of the surface of the mummy, who 
was wrapped not only in hundreds of yards of linen but in an 
opaque and artfully painted cartonnage (an inner coffin made 
of linen and plaster, which is similar in consistency to papier- 
maché). These images represent not only a technological tour 
de force but give vivid meaning to the concept of imaging. 

The mummies of Tabes, Songstress of Amun, and her 
husband, Nes-Ptah, the Barber of Amun, were given to the 
Museum of Fine Arts, Boston, by a private collector in 1872. 
Tabes, who died in her early thirties, has one of the most 
beautifully and sensitively painted cartonnages in the mu- 
seum’s collection (Fig. 1). From the artistic style represented 
on her cartonnage, from cartonnage inscriptions, and from 
her method of mummification, it is estimated that she died 
circa 950 B.C. (early Dynasty XXII). Tabes and her husband, 
who died in his sixties, lived in ancient Thebes, which is near 
modern Luxor, Egypt. 

The process of mummification was primarily a process of 
desiccation shaped by complex religious beliefs. The goal 
was to preserve the corpse in as lifelike an appearance as 
possible. Although axial CT images provided a great deal of 
information of anatomic and Egyptologic interest, it did not 
reveal that which was of most importance to the ancient 
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Fig. 1.—Photograph of cartonnage of Tabes. 
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ANGLE = 


Fig. 2.—Contour images of head of Tabes. Large image in upper right- 
hand corner and images center and right on bottom and center left show 
contours of surface or skin of head and neck in blue or gold light. Upper 
and lower left images show surface contouring of linen wrappings, made 
blue and transparent, with skin-contour images of head, in yellow, seen 
underneath. Note single, loosely applied band of linen wrapping on the 
right at ear, face, and neck levels. 


Egyptians, namely, how the mummy looked. It did not show 
how successful the art of the embalmer was and how his 
efforts had weathered the millennia. 


Technique 


The CT examination was performed on a Siemens Somatom DRH. 
Multiple, 2-mm-thick, axial sections of the head and neck were 
obtained at 2-mm intervals, and multiple, 4-mm-thick, axial sections 
of the chest, abdomen, and pelvis were obtained at 4-mm intervals. 
Scanning parameters were 125 kV, 40 mAs, and 5-sec scan time. 
Three-dimensional reconstructions were obtained at CEMAX, Inc., 
Santa Clara, CA, using a CEMAX 1500X system. 
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Discussion 


Although three-dimensional contours of bones and internal 
Structures were generated, the most intriguing images were 
those of the surface of the mummy. Images of the head show 
a Curious bulge in the ventral aspect of the mid and caudal 
regions of the neck due to the uneven application of subcu- 
taneous packing materials (Figs. 2 and 3). The eyes of Tabes 
were untreated and are shrunken. Because this resulted in 
an appearance that was not lifelike, preparers of mummies of 
this and later periods occasionally removed the orbital con- 
tents and replaced them with wax. Magical amulets were 
then placed over the orbits to restore sight to the artificial 
eyes. A defect in the soft tissues of the nose is seen and is 





m a * 
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Fig. 3.—Contour image of surface of head of Tabes, in yellow, and of 
linen wrappings, in light blue. Front portion of linen wrappings about face 
of mummy have been removed so that face can be seen. 
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Fig. 4.—Frontal and shallow oblique contour images of chest and upper 
abdomen of Tabes. Metallic amulet, heart scarab, and winged figure are 
seen in yellow, whereas body of Tabes is seen in gray. Amulet and winged 
figure are metallic, probably gold. Round heart scarab seen immediately 
above winged figure is made of stone. Note many defects and cracks on 
surface of mummy as well as details of ribs, umbilicus, and nipples. Left 
nipple is in its anatomic position; right nipple appears displaced laterally 
near anterior axillary line. 
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due to this portion of the face being wedged against the inner 
surface of the cartonnage. The ears are clearly identified, as 
is hair matted with resin. 

Images of the chest and upper abdomen show details of a 
metal amulet placed on the sternum, a heart scarab (a beetle- 
shaped amulet prescribed by the Egyptian Book of the Dead 
to ensure safe passage of the deceased through the trial of 
judgment and into the afterlife) placed over the region of the 
xiphoid, and, immediately beneath it, a winged metallic amulet 
(Fig. 4). The ribs are clearly seen, as is the umbilicus. Multiple 
defects in the mummy’s skin are noted, the largest being 
immediately to the left of the scarab and winged amulet. The 
embalmer’s large incision in the left anterolateral aspect of 
the abdomen extends into the left anterior hemipelvis and 
was not closed, contrary to custom. 

Three-dimensional images from axial CT data is a further 
advance in the nondestructive and noninvasive evaluation of 
Egyptian mummies, offering a different and perhaps more 
appropriate perspective of these objects. Surface details were 
apparent that were not appreciated on axial images. The use 
of medical-imaging technology in nontraditional fields repre- 
sents an opportunity for the exchange of ideas between 
historically isolated disciplines and allows the radiologist to 
make contributions to the understanding of our world and 
origins. 
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Reviews 





Bones and Joints. 170 Radiological Exercises for Students and Practitioners. By Michael Runge. New York: 


Springer-Verlag, 168 pp., 1987. 


This soft-cover text, which is about 5 in. (12.7 cm) long and 
translated from the French, is a self-evaluation book made up of 170 
quiz cases on diseases of bones and joints. No text or clinical histories 
accompany the illustrations. The answers are provided in the second 
part of the book, along with line drawings that reproduce the radio- 
graphs that served as the quiz cases. 

The answers have a brief, almost telegraphic text in some places, 
whereas in others the radiographic abnormalities are ennumerated 
with either limited or no discussion of the specific entity. Therefore, 
the answers primarily serve to point out the radiographic abnormali- 
ties and the diagnoses drawn from those observations. Because this 
little book is designed to test the reader's diagnostic accuracy and 
not to provide instruction, it will be useful to residents who have 
some background knowledge in musculoskeletal diseases, but it has 
little to offer a resident in the first 6 months of training. Because it is 
not a text that evaluates at any length the entities radiographically 
displayed, it has limited instructional value. With the exception of two 
or three images, the illustrations are of good quality, and, since the 
text in the answers is so short, little has been lost in the translation. 
However, some of the terms used, such as “osteoarthritis includes 


Pocket Guide to Pediatric Fractures. By John A. Ogden. 


It would take a high degree of teaching skill to produce both an 
outstanding, in-depth, original, lengthy work on a topic and an out- 
standing, pocket-sized distillation of the key practical elements of the 
same subject. John Ogden's Skeletal Injury in the Child (Philadelphia: 
Lea & Febiger, 1982) achieves the first goal, but his Pocket Guide to 
Pediatric Fractures does not quite succeed in the second task. 

The book does fit into a large pocket, does begin with an effective 
summary of general principles, and does illustrate selected fractures 
almost flawlessly with fine radiographic reproductions and interpre- 
tative line drawings (the last executed by Richard Remington). Indeed, 
the reproductions show a metaphyseal fragment in the example of 
type | [sic] epiphyseolysis (Fig. 13) in the section on growth mecha- 
nism injuries. Brief discussions follow on neonatal fractures, myelo- 
dysplasia, osteogenesis imperfecta, head injury, stress fractures, and 
child abuse. Finally, sequential highlight discussions deal with frac- 
tures at individual sites, including the spine, and give recommended 


infectious involvement of a joint,” could be confusing. This might 
explain why Fig. 123, which looks like a long-standing infection, has 
been diagnosed as “talotibial osteoarthritis.” 

It takes a few hours to go through the cases, which cover mainly 
tumors, arthropathies, and infections. The major shortcoming of the 
book is that it is unlikely to be used more than twice because there 
is so little to learn from the text. Residents who were shown this 
book liked the interrogative aspect of it but were ambivalent about 
making a purchase, especially because they did not know its exact 
price. The syllabi of the American College of Radiology, which are 
likely significantly more expensive, do a far more comprehensive job 
of evaluating and instructing. 

For a nominal price, this text could find a place in radiology libraries 
looking to expand their self-evaluation material to serve, even if only 
a couple of times, each succeeding generation of residents. 


Murali Sundaram 
St. Louis University Medical Center 
St. Louis, MO 63104 


Baltimore: Williams & Wilkins, 245 pp., 1987. $25.50 


treatment and possible complications. Relevant references appear 
with each chapter. 

Although Ogden does pack a wealth of pertinent information into 
each brief “chapter” (usually two pages), | am uneasy with the 
omission of material that would make the work even more useful. 
For example, the discussion of child abuse is skimpy; distinction is 
not made between anterior and posterior shoulder dislocation, and 
so-called Sever disease is retained as a full-fledged entity. 

Nonetheless, this little book is potentially highly useful as a vade 
mecum for radiologists, both as a quick source of images and data 
and as a repository of classic references. It reflects the experience 
of an important teacher of pediatric orthopedics, and | recommend it. 


Alan E. Oestreich 
Children's Hospital Medical Center 
Cincinnati OH 45229-28997 
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Pictorial Essay 





Cross-Sectional Imaging of the Capsular Mechanism of the 
Glenohumeral Joint 


Michael B. Zlatkin,' Ann G. Bjorkengren, Victoria Gylys-Morin, Donald Resnick, and David J. Sartoris 


Because of its anatomic structure, the glenohumeral joint 
(GHJ) is one of the most mobile joints in the body. As such it 
is one of the more unstable and most frequently dislocated 
articulations. Bankart [1] was the first to stress that lesions 
of the glenoid labrum are the principal pathogenic factor in 
recurrent anterior GHJ dislocations. Later investigators, how- 
ever, disputed the predominant role of the glenoid labrum [2, 
3], and the concept of the capsular mechanism of the shoulder 
was developed [2, 3]. Lesions of the anterior capsular mech- 
anism are now believed to be the most significant factor 
predisposing to recurrent anterior GHJ instability [2-4]. 

Although the anatomy of the capsular mechanism is com- 
plex, detailed knowledge of it is required to correctly interpret 
imaging studies of this region. The purpose of our study was 
to use CT, MR, and correlative anatomic sections to further 
define the cross-sectional appearance of both the normal and 
abnormal capsular mechanism of the GHJ. 


Materials and Methods 


The study was divided into two parts. The first portion of the study 
was a detailed analysis of the anatomic structures of the capsular 
mechanism using 11 cadaveric shoulders. CT was performed in seven 
specimens after the injection of approximately 12 ml of air. All CT 
examinations were performed on a Technicare 2060 HR scanner in 
the axial plane with slice thickness of 5 mm and slice interval of 3 
mm. MR scans were performed in four specimens after injection of 
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12 mi of gadolinium-DTPA dimeglumine (Schering, Berlin) in two 
specimens, and 0.9% saline in two others. Images were obtained 
using a 1.5-T superconducting system and a standard 13.5-cm 
circular surface coil (General Electric, Milwaukee, WI) with the shoul- 
der placed in a prone position on the coil in order to maximize 
visualization of the anterior structures. Imaging techniques included 
spin-echo (SE) pulse sequences, either 600/20 (repetition time [TR] 
msec/echo time [TE] msec) for those specimens injected with gado- 
linium or 2000/20, 70 for those specimens injected with saline. The 
section thickness was 5 mm with a 2.5-mm intersection gap. A data 
acquisition matrix of 256 x 256 was used with a field of view of 12 
cm or 16 cm and two signal acquisitions. MR imaging was performed 
in both the coronal and axial planes in all specimens. Anatomic 
sections were then prepared with the use of a band saw. The 
specimens were all sectioned at 5-mm intervals in the axial plane, 
and serial photographs of each section were taken for later study. 
Two specimens were dissected from a posterior approach for dem- 
onstration of the gross anatomy of this region. 

In the second portion of the study, five shoulder specimens were 
fixed in an apparatus modeled after that described by Oveson and 
Sojbjerg [5]. This immobilized the glenoid region of the scapula and 
the thorax. The arm was then subjected to stress in abduction and 
external rotation. After considerable force was exerted, a sudden 
laxity was obtained in three of the specimens and these shoulders 
could then be subjected to recurrent subluxations. CT air arthrogra- 
phy was performed in all specimens and MR arthrography with 
gadolinium was performed in two. Imaging parameters were identical 
to those described previously, and all specimens were then sectioned 
in the axial plane to verify the pathologic lesions shown. 
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Results 
Normal Findings 


The anterior capsular mechanism consists of the synovial 
membrane, the capsule and glenohumeral ligaments, the gle- 
noid labrum, the subscapularis bursa and related recesses, 
and the subscapularis muscle and tendon [2] (Fig. 1). This 
mechanism functions as a barrier against anterior displace- 
ment of the humeral head in external rotation. The glenohu- 
meral ligaments are thickened areas of the anterior capsule 
and act to reinforce it. They course from the glenoid to the 
lesser tuberosity of the humerus and consist of the superior, 
middle, and inferior ligaments. Between the superior and 
middle glenohumeral ligaments is the opening for the superior 
subscapularis bursa. 

In order to facilitate an understanding of the cross-sectional 
anatomy, we identified four specific levels (Fig. 2). The first 
level is the superior portion of the glenoid fossa. The tendon 
of the long head of the biceps originates at this level in 
common with the superior glenoid labrum. The complex con- 
sisting of the superior aspect of the anterior capsule and 
superior glenohumeral ligament are seen coursing medially 
(Figs. 3A-D). 

The superior subscapularis bursa is identified at the second 
level (Fig. 4). This bursa is formed by the synovial membrane 
of the anterior capsule, and it communicates with the joint 
between the superior and middie glenohumeral ligaments 
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(Figs. 1 and 2). It is present in up to 90% of people [2]. The 
bursa extends along the superior tendinous border of the 
subscapularis muscle medially toward the inferior surface of 
the coracoid process. Its base is also attached to the anterior 
surface oy the subscapularis tendon for a variable extent and 
extends over a similar area between the capsule and posterior 
surface of the tendon (Figs. 4E and 4F). In the superior aspect 
of the bursa, folds of capsular tissue can be seen and should 
not be mistaken for pathologic structures (Figs. 4A and 4B). 
Another structure that is identified in the superior aspect of 
the bursa is the inferior portion of the superior glenohumeral 
ligament (Figs. 4C and 4D). 

At level 3, the mid-glenoid level, one can best assess the 
capsular insertion, which can be of three types [6] (Fig. 5). In 
type 1, the capsule inserts near the glenoid labrum (Figs. 6A 
and 6B). In types 2 or 3, a more medial insertion along the 
scapular neck is present (Figs. 6C and 6D). This may form a 
recess underneath the subscapularis muscle. At level 3, the 
middle glenohumeral ligament may be identified as a structure 
distinct from the capsule when outlined by air or contrast 
material (Figs. 7A and 7B). It also may be depicted as a 
thickened structure posterior to the subscapularis tendon and 
capsule (Figs. 7C and 7D). 

Level 4 is at the inferior portion of the glenoid cavity. Diffuse 
thickening of the complex consisting of the anteroinferior 
aspect of the capsule and the inferior glenohumeral ligament 
is seen in this region. The capsule at this level inserts directly 
into the labrum (Fig. 8). 





Fig. 2.—Shoulder specimen (injected with 
methyl methacrylate to simulate normal distended 
joint) depicting four anatomic levels (1-4) dis- 
cussed in the text. 


Fig. 1.—A, Diagram of capsular mechanism. Subscapularis muscle (1) is anterior. Fibrous capsule 
(2) and superior (3), middle (4), and inferior (5) glenohumeral ligaments are also shown. Opening for 
superior subscapularis bursa is between superior and middle ligaments (arrowhead). Origin of long 
head of biceps in supraglenoid region is also seen (6). 

B, Shoulder specimen dissected from posterior aspect. Capsule and glenohumeral ligaments (4 
and 5) as well as opening into superior subscapularis bursa (arrowhead) are identified. Superiorly, 
biceps tendon is seen (6). (H = humeral head, G = glenoid). 
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Fig. 3.—Level 1. MR scan after injection with 
saline (A), CT scan after injection with air (B), 
and corresponding anatomic sections (C and D) 
illustrate anatomy of level 1. Biceps tendon (6) 
and superior labrum (7) can be identified. Supe- 
rior aspect of capsule (2) and superior glenohu- 
meral ligament are seen coursing together more 
medially. 


With MR, images obtained in the coronal plane allow ex- 
cellent visualization of the superior and inferior portions of the 
abrum (Fig. 9A). One can also easily visualize other structures 
of the anterior capsular mechanism (Figs. 9B and 9C). 


Abnormal Findings 


We obtained satisfactory images in three of the five speci- 
mens in which we attempted to create recurrent anterior 
dislocations or subluxations. In one specimen a CT scan 
showed a large anterior pouch (Fig. 10). An MR scan in 
another specimen injected with gadolinium showed abnormal 
signal and configuration of the glenoid labrum. The injected 
gadolinium was seen extending through a capsular tear be- 
neath the subscapularis muscle (Fig. 11A). The corresponding 
anatomic sections revealed a labral and capsular tear (Fig. 
11B). An MR scan in a second specimen also injected with 
gadolinium revealed an area of high signal in the anterior 
abrum (Fig. 12A). The corresponding anatomic section 
showed an undisplaced labral tear (Fig. 12B). 
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Discussion 


Detailed knowledge of the anatomy of the capsular mech- 
anism is required if cross-sectional images obtained with CT 
or MR are to be interpreted correctly. 

We believe that considering the cross-sectional anatomy at 
four distinct levels facilitates comprehension of the normal 
structures and allows recognition of abnormal findings. Be- 
cause considerable variability may exist in the arrangement 
of the capsular structures [2, 7], we have presented only the 
most common arrangements. 

The results of our study indicate that CT arthrography 
allows identification of the vast majority of relevant anatomic 
Structures of the anterior capsular mechanism. These results 
are in general agreement with those emphasized by Rafii et 
al. [8], although these investigators did not use imaging- 
anatomic correlation. Furthermore, our results suggest that 
MR imaging after the injection of either gadolinium DTPA or 
saline can also elegantly depict the important structures of 
the anterior capsular mechanism of the GHJ. 
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Fig. 4.—Level 2. A and B, MR scans after injection with saline and corresponding anatomic section. Superior subscapularis (8) bursa is seen. Prominence 
of this bursa may be a predisposing factor in recurrent anterior dislocations. Within superior aspect of bursa, folds of capsular tissue may normally be 
identified. They appear as structures of decreased signal on MR scans (arrows). 4c = coracoid process. 

C and D, Another structure that can be identified in superior aspect of bursa is inferior portion of superior glenohumeral ligament, seen as a soft-tissue 
band on CT scan (C) and corresponding anatomic section (D) (arrows). 

E and F, Slightly more inferiorly, MR scan after injection with gadolinium (E) and corresponding anatomic section (F) show superior subscapularis bursa 
(8) extending over anterior aspect of subscapularis tendon (9). Note also anterior glenoid labrum (7 and arrowhead). 
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á ing cape bac R 1 i The spectrum of abnormalities that have been observed 
ree types of anterior capsule in- ji . ; T i 
sertions. Type 1 inserts in or near clinically and experimentally in association with recurrent an- 
labrum; types 2 and 3 insert more terior GHJ subluxations or dislocations include Hill-Sachs 
OTS SONG SCOPES Neck. A lesions, capsule and labral tears and detachments, formation 
type-3 capsule is also thought to be ‘ , , 
a predisposing factor in recurrent of a large anterior pouch, and laxity of the subscapularis 
glenohumeral dislocations. muscle and tendon [2, 5, 7, 9]. As most of the shoulder 
2 specimens in our study were derived from patients of ad- 
QO 


vanced age, while most recurrent dislocations occur in 
younger patients, the lesions we produced experimentally 
may not correspond completely to those seen in the clinical 
setting. These lesions do, however, help to confirm the utility 
of CT arthrography in showing abnormal lesions of the cap- 
3 sular mechanism. On the basis of our findings, considerable 
© potential also exists for MR imaging in the evaluation of 
patients with shoulder instability. Whether intraarticular injec- 
tion will be required in such patients is not yet clear, and 
further investigation in this area is required. 


Fig. 6.—Level 3. Capsular insertion. 

A and B, CT scan (A) and anatomic section 
(B) show a type-1 capsular insertion (long ar- 
rows). Posterior capsule always inserts directly 
into labrum (short arrows). 

C and D, A broader insertion (arrows) along 
scapula is seen in this MR scan (C) and anatomic 
section (D). (Foci of high signal in humeral head 
in this cadaver were thought to be related to 
metastatic disease. Images in Figs. 8B, 9A, and 
9B were obtained from this same specimen.) 





C = D 
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Fig. 7.—Level 3. Middle glenohumeral liga- 
ment. 

A and D, Middle glenohumeral ligament may 
be identified as a separate structure from the 
capsule in this region and is outlined by air on 
this CT scan (A, curved arrow) and anatomic 
section (B, arrow). It may also be identified as a 
thick structure posterior to subscapularis tendon 
and capsule, as is shown in another MR scan (C, 
arrowhead) and anatomic section (D, arrow). 













Fig. 8.—Level 4. CT scan (A) and accompanying MR image (B) after injection with gadolinium and corresponding anatomic section (C illustrate the 
complex of the anteroinferior aspect of capsule and inferior glenohumeral ligament (arrows). Capsule at this level will always insert directly into labrum. 


B is from same specimen as Fig. 6. 
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Fig. 9.—Coronal MR scans after injection with saline (A and B) and gadolinium (C). A and B are from same specimen as Fig. 6. Superior labrum 
(arrow) is well seen in A. At a level more anterior in B, one can see anterior fibrous capsule (2), biceps tendon (6), and superior subscapularis bursa (8). 
In C, axillary pouch (long arrow) and anteroinferior capsule (short arrow) are evident. 


Fig. 10.—Capsular abnormality: anterior 
pouch. 

A and B, CT scan and corresponding anatomic 
section show a large anterior pouch. 


A 


Fig. 11.—Capsular abnormality: labral and 
capsular tear. 

A, MR scan in a specimen injected with gad- 
olinium shows increased signal intensity in re- 
gion of glenoid labrum (long arrow). Contrast 
material and air are seen extending beneath 
subscapularis muscle, which is separated from 
scapula (short arrow). 

B, Corresponding anatomic section shows la- 
bral tear (closed arrow), capsular tear (open 
arrow), and detached subscapularis (arrow- 
head). 





A 
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Fig. 12.—Small labral tear. 

A, MR image after injection with gadolinium 
reveals a linear area of high signal intensity in 
anterior labrum (arrow). 

B, Anatomic section at same level shows an 
undisplaced labral tear (arrow). 
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Case Report 





Posttrauma Intracapsular Bone Fragments: Association 


with Meniscal Tears 


John Richmond' and Robert C. Sarno? 


Pathognomonic findings of meniscal tear on plain knee 
radiographs have not been described. However, bone frag- 
ments (ossicles) within menisci have been described and in 
some instances have been thought to be evidence of meniscal 
injury [1, 2]. A patient presented after an injury with intracap- 
sular bone ossification in the posterior medial knee joint on a 
plain film radiograph. At arthroscopy, the density represented 
a bony avulsion of the posterior intercondylar area at the 
insertion of the posterior horn of the medial meniscus and 
was accompanied by a longitudinal tear of the posterior medial 
meniscus. Three additional patients presented with similar 
findings. The plain film finding of an ossification in the posterior 
medial joint in a patient with past knee trauma may suggest 
posterior longitudinal meniscal tear. 


Fig. 1.—Anteroposterior (A) and lateral (B) s 
radiographs of the knee show elliptical bony À 
density in posterior medial joint space in area of 
posterior horn of meniscus. 


A 





Case Report 


A 33-year-old man sustained a twist injury to the right knee with 
subsequent episodic swelling and popping. Arthroscopy performed 
at an outside institution 18 months after the injury was reportedly 
normal. Three years after the injury, because of persistent symptoms, 
the patient was referred to the New England Medical Center for 
evaluation. Anteroposterior and lateral radiographs of the right knee 
revealed an elliptical bony density projecting into the region of the 
posterior medial meniscus (Fig. 1). Arthroscopic examination revealed 
a longitudinal tear of the posterior horn of the medial meniscus and 
an avulsed portion of bone from the posterior intercondylar area. 
After arthroscopic excision of the unstable meniscal fragment and 
bone, the patient was asymptomatic. 
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Discussion 


Although rare, the presence of ossicles within the menisci 
of the knee in humans has been reported [3, 4]. Whether they 
represent vestigial structures [3, 5, 6] that occur in totally 
asymptomatic patients or whether they develop as a result of 
trauma with accompanying metaplastic, heterotopic ossifica- 
tion [1, 2] has been a controversial issue. There are reports 
of meniscal calcifications surrounded by normal menisci [7], 
giving support to the belief that these meniscal ossifications 
are developmental, vestigial structures. Other reports of these 
ossifications describe them as occurring after knee injury [1, 
2, 8]. Symeonides and lonnides [8] reported three such cases 
in which the ossicles were associated with pain and the 
patients experienced relief of symptoms after the excision of 
the bone-containing portion of the meniscus. That report 
indicated that the ossification within the menisci is posttrau- 
matic and clinically significant. 

We examined a patient with previous knee trauma in whom 
a calcification was present in the posterior medial joint space 
of the knee on plain film radiographs. At arthroscopy, the 
bony fragment was seen to have arisen as an avulsion from 
the posterior intercondylar area of the tibia at the site of 
insertion of the posterior horn of the medial meniscus (Fig. 2). 
In addition, the patient had an accompanying longitudinal tear 
of the posterior horn of that meniscus. After we had seen this 
patient, three additional patients presented with posttrauma 
knee pain and similar plain film findings. Arthroscopy showed 
all three to have longitudinal tears of the posterior horn of the 
medial meniscus and a bony fragment in the joint arising from 
the point of insertion of the posterior horn of that medial 
meniscus. None of the patients had arthrograms. In the three 
patients examined 18 months or more after the initial injury, 
the bony fragment was somewhat elliptical and appeared well 
corticated with a convex posterior margin and flattened infe- 
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Fig. 2.—/nsert, Posterior view of tib- 
ial surface of the knee shows site of 
bone avulsion from posterior intercon- 
dylar region of tibia at attachment of 
meniscal tibial ligament. Larger image, 
Focal view of posterior attachment of 
medial meniscus. Tibial bone fragment 
is seen projecting into joint space and 
remains attached to meniscus by por- 
tions of posterior ligament. 


Fig. 3.—Tunnel view of the knee 
shows a sharply marginated linear den- 
sity (arrow) projected just medial to 
medial tibial spine, which on lateral 
view was in posterior joint space. 


rior surface. In one case in which the bone fragment was 
identified on plain film and at arthroscopy immediately after 
the injury (Fig. 3), the bone fragment appeared noncorticated 
and had sharp margins without evidence of the rounding that 
was evident in the other cases. 

In this case (and in the three additional cases described 
above), plain films showed a bone fragment in the region of 
the posterior medial meniscus with meniscal injury. These 
findings also suggest a likely origin of the meniscal ossicle, 
which previously was thought to occur in patients with post- 
trauma knee pain [5]: instead, the fragment may arise as an 
avulsion of the posterior intercondylar area and not as heter- 
otopic bone formation within the medial meniscus, as had 
been postulated previously [1]. In the posttrauma patient, the 
occurrence of a bony density in the area of the posterior limb 
of the medial meniscus should raise the possibility of an 
associated longitudinal tear of that meniscus. 
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Case Report 





Osteosclerotic Sarcoidosis 


Ibrahim F. Abdelwahab' and Alex Norman 


This case is presented because of the infrequency of os- 
teosclerotic sarcoidosis and because osteosclerotic lesions 
can easily be confused with metastatic bone cancer or lym- 
phoma. 


Case Report 


A 52-year-old black man was admitted to the Beth Israel Medical 
Center in January, 1983, because of weight loss, abdominal pain, 


and generalized weakness that had persisted since September 1982. 
Urinary tract problems included nocturia, urgency, frequency, and 
dribbling. A maculopapular rash had developed over the patient’s 
extremities and back 4 months before his hospitalization. 

Palpable nodes were present in the left supraclavicular fossa; the 
liver was tender and nodular and was enlarged 6.0 cm below the 
costal margin; the spleen was also enlarged. 

The laboratory studies showed an increased alkaline phosphatase 
of 523 units, a total protein of 8.2 mg, and a globulin of 4.4 mg. The 
cholesterol level was 159 mg/dl. The hemoglobin was 13.1 g, and 





Fig. 1.—A, Scintigram shows radionuclide uptake in left femoral head and neck as well as in right ischium. 

B, Radiograph shows sclerosis of left femoral head and neck and right ischium. 

C, Photomicrograph from a trocar biopsy of femoral head shows noncaseating sarcoid granulomata in marrow spaces with surrounding reactive bone 
consisting of irregular cement lines with minimal osteoblastic and osteoclastic activity. Granulomata consist of epithelioid cells, Langhans giant cells, and 
lymphocytes (x 120). 
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the WBC count was 5200 with a normal differential. The sedimenta- 
tion rate was elevated (45 mm/hr). 

An IV urogram showed an impacted stone in the proximal end of 
the right ureter that caused an obstructive hydronephrosis. The right 
kidney was displaced downward by the liver. 

Radionuclide scintigraphy with °°"Tc pyrophosphate showed avid 
uptake in the left hip, in the right ischium, and at the base of the skull 
(Fig. 1A). A "Tc sulphur-colloid scan confirmed that the liver and 
spleen were enlarged. 

A radiographic survey of the skeleton defined multifocal sclerotic 
lesions in the left femoral head and neck, in the right ischium, and at 
the base of the sphenoid bone (Fig. 1B). A clinical diagnosis of 
metastatic bone cancer was made, and this prompted a biopsy of 
the left femoral head. 

The histopathologic features included noncaseating granulomata 
in the marrow consisting of epithelioid cells, Langhans giant cells, 
and lymphocytes diagnostic of sarcoid. Reactive sclerosis was pres- 
ent (Fig. 1C). A biopsy of a left supraclavicular node showed histo- 
pathology that was identical to the changes in the bone. The patient 
was treated with corticosteroids, and his condition had improved by 
the time he left the hospital. 


Discussion 


Sarcoidosis of bone is a well-documented condition [1, 2]. 
When the skeleton is involved, it typically affects the bones 
of the hands and feet. Atypical sites of involvement are the 
pelvis, spine, ribs, long bones, and skull [2-9]. Classically, 
the lesions are radiolucent with a pattern of cystic and 
coarsely reticulated bone [4-10]. The lesions may progress 
to destroy the bone and infiltrate the soft tissues. Character- 
istically, there is no evidence of joint involvement or periosteal 
reaction [3, 5-9]. 

In an exceptional case of sarcoidosis, osteoblastic lesions 
are noted. These lesions usually involve the axial skeleton 
(skull, spine, pelvis, and ribs) or long tubular bones (femur). 
Compared with the involvement of the small tubular bones, 
only a few cases of osteosclerotic sarcoidosis have been 
reported [3, 6-9]. 

Patients with sarcoidosis of the hands and feet are usually 
asymptomatic; in contrast, sarcoid affecting the spine is often 
painful. The radiographic appearance of the axial lesions is 
unusual for an infectious process; the disk space is unaffected 
and there is no paraspinal mass. 

Rodman et al. [2] described the first antemortem case of 
vertebral sarcoidosis. A large lytic lesion surrounded by a thin 
sclerotic margin was noted in the 11th thoracic vertebral 
body. It was Clinically diagnosed as tuberculous spondylitis. 
However, the biopsy disclosed a noncaseating sarcoid gran- 
uloma. Similar cases have been reported in the lower thoracic 
and lumbar spine [4]. 

Our case of osteosclerotic sarcoidosis is significant for 
several reasons. First, this 52-year-old man is the oldest 
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reported patient to have osteoblastic changes (typically, pa- 
tients range in age from 23 to 36 years). Second, this patient 
has osteoblastic lesions involving not only the femur and 
pelvis but also the base of the skull, which is indeed an 
unusual location for sarcoid. The fact that this patient was 
black, however, was consistent with the characteristics of 
other patients with osteosclerotic sarcoidosis. In fact, of the 
six patients reported in the literature [3, 6-9], only one was 
white. 

Clinically, 80-90% of cases with bone involvement have 
associated lung, mediastinal, and/or supraclavicular nodal 
disease. Skin sarcoidosis occurs in almost every patient with 
bone lesions [1]. Pulmonary and/or mediastinal sarcoid often 
coexists with skeletal foci in the hands and feet. This is not 
true for the osteosclerotic type; the bony changes in osteo- 
sclerotic sarcoidosis can appear years after the lung disease 
is arrested [3, 6-9]. 

The predilection of osteosclerotic sarcoidosis for unusual 
sites in the skeleton is striking. Of the six cases reported [3, 
6-9], the pelvis was affected in all six; the femur, spine, skull, 
and ribs in three; and the clavicle in one. 

Although sclerosing sarcoidosis is a rare disease, it still 
should be considered in the differential diagnosis of dense 
bone lesions (e.g., osteoblastic metastatic bone cancer, lym- 
phoma, Paget disease, systemic mastocytosis, osteopetrosis, 
and less often a fungal or Brucella spondylitis) [3]. Rohatgi 
[10] speculated that the magnitude of the disease could 
influence the prognosis. Therefore, he suggested that the 
simplest and most sensitive way to assess skeletal involve- 
ment is to use ®°™Tc diphosphonate bone scintigraphy and 
that the most effective way to detect the extent of pulmonary 
and extrapulmonary involvement is to use °’Ga scans [10]. 
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MR Imaging of Chiari Il 
Malformation 





High-field-strength MR imaging was performed in one patient with Chiari Ill and 19 
patients with Chiari Il malformations. The MR features were compared with descriptions 
in the literature and correlated with previously described surgical and postmortem 
findings and with the results of previous radiologic investigations in this group of 
patients. Severai new observations were apparent from the MR examinations. In 75% 
of the 20 cases, the underdeveloped tentorium with a wide incisura allowed inferior 
displacement of the medial posterior cerebrum, which appeared closely applied to a 
flattened aspect of the superior cerebellum. Previously reported CT descriptions of 
“pseudotumor of the tentorium” and “towering cerebellum” may be more related to the 
technique of the radiologic examination than to true upward herniation of the cerebellum. 
Elongation of the mesencephalon with increase in the mamillopontine distance was 
present in the majority of our cases and has not been previously emphasized. Some 
patients had atypical changes or appeared to be borderline cases between the Chiari | 
and Chiari Il categories of malformation, and MR provided considerable diagnostic 
assistance in these cases. 

The noninvasive, in vivo evaluation of MR contributed a great deal to our further 
understanding of this congenital Chiari malformation. 


We report our experience with 19 cases of Chiari Il and one of Chiari Il! 
malformation examined with high-field-strength MR imaging. Information obtained 
in the past has relied on autopsy material, surgical observations, and investigative 
radiologic procedures such as air studies, CT, myelography, and CT myelography. 
MR provides a new viewpoint with in vivo, detailed anatomic images that can be 
correlated with the knowledge from previous methods of study of this interesting 
developmental malformation. 


Subjects and Methods 


Twenty patients 1 day to 25 years old and including one stillborn infant were evaluated. 
There were eight males and 12 females. Every patient had hydrocephalus and all had 
myelomeningocele, except one with an encephalocele at the craniovertebral junction (Chiari 
Ill) and diastematomyelia in the lumbar region. All but two had had shunts placed before the 
MR study. In five, MR was performed at the time of initial diagnosis of Chiari Il. In the other 
15, MR was performed during follow-up outpatient visits to the Neurosurgery Clinic. 

MR examinations were performed with a General Electric 1.5-T Signa system. Limited T1- 
weighted sagittal series-only studies were performed with a repetition time (TR) of 800 and 
echo time (TE) of 25 msec, four excitations, 24-cm field of view, and 256 x 256 matrix. For 
infants younger than 3 months old, a TR of 1000 msec was used. The slice thickness was 3 
mm with 1-mm interval interslice spacing in all patients except one, for whom 5-mm-thick 
slices were used. Three patients also had MR studies of the spine, cervical in two and lumbar 
in one. In three patients a complete cranial MR study was performed, which included a 
coronal and transaxial spin-echo pulse sequence series with TR = 2000 msec and TE = 25, 
50 or TE = 25, 65 msec. Sedation was given in all cases, most often with IV Seconal at a 
dose of 2 ml/kg. 
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Results 


Craniovertebral Junction, Cervical Spinal Canal, and Cervical 
Cord 


Caudal displacement of cerebellar tissue was present in 
every case. The inferior tip of the vermis was located between 
the C2-C3 level in the majority of cases. In 10 patients (50%), 
herniated vermis could be clearly delineated as being separate 
from the cerebellar tonsils. Tonsillar herniation without evi- 
dence of vermian ectopia was noted in one patient. 

Medullary herniation with resultant kinking or “spur” at the 
cervicomedullary junction was found in 15 of 19 patients and 
could not be evaluated in one patient with a very large head 
because the image included only the uppermost cervical 
region. 

Hydromyelia was demonstrated by cranial MR in three 
cases; in one patient cranial and spinal MR failed to reveal a 
hydromyelia after surgical drainage. 


Brainstem, Aqueduct, and Fourth Ventricle 


Stretching and inferior displacement of the aqueduct and 
fourth ventricle was demonstrated in 15 patients. In five of 
these, the fourth ventricle was significantly dilated with mas- 
sive dilatation in one. Aqueductal stenosis was found in eight 
cases. 

Elongation and inferior displacement of the brainstem was 
noted in 15 of 20 patients. The pons appeared flattened in all 
of these patients. A concave clivus with a wide prepontine 
subarachnoid space was associated with eight of the 15 
(Figs. 1-3). In one, the pons was noted pressing against a 
straight clivus. 

In four other patients a normal brainstem was found. The 
last case was intermediate between the patients with normal 
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brainstem and those with definite elongation and caudal dis- 
placement (Fig. 4), with mild changes of a slightly stretched 
aqueduct and fourth ventricle and minimal flattening of the 
pons. 


Relationship of the Tentorium and Superior Surface of the 
Cerebellum 


In 15 of 20 patients MR revealed a definitely flattened 
appearance of the superior aspect of the cerebellum. The 
superior surface of the vermis was close to the level of the 
foramen magnum in three. In four of these 15 patients a 
notably vertical orientation of the straight sinus was evident, 
consistent with a wide tentorial incisura (Figs. 1B and 3). The 
medial posterior cerebrum could be seen in close relation to 
the flattened superior cerebellum in the majority of these 15 
patients. 

In two patients with complete cranial MR studies the ven- 
tricular trigones were noted to be close together near the 
midline, again indicative of inferior displacement of the cere- 
bral hemispheres in relation to the tentorium and flattened 
superior cerebellum. 


Mesencephalon, Mamillopontine Distance, and Third 
Ventricle 


In 12 patients, pointing or “beaking” of the quadrigeminal 
plate consequent to fusion of the colliculi was seen. There 
was vertical elongation of the mesencephalon with increase 
in the mamillopontine distance in 10 cases. Measurement of 
the mamillopontine distance varied between 1.3 and 3.0 cm 
as a computer-corrected actual patient size measurement. 
Normal values in adult patients do not exceed 1.2 cm [1]. In 


Fig. 1.—Advanced changes of Chiari II mal- 
formation in two patients with long-term shunt- 
ing. 

A, Aqueduct and fourth ventricle are stretched 
(solid black arrow); there is a large massa inter- 
media (asterisk) and pseudodiverticulum of lam- 
ina terminalis (white arrow). Note flattened pons 
away from concave clivus and pointed quadri- 
geminal plate. Apparent lobulation of lower pons 
(black arrowhead) is produced by encircling of 
brainstem by cerebellar hemisphere. Note in- 
crease in mamillopontine distance. Atrophic pos- 
terior parietal lobe is herniated through wide 
tentorium (open arrow), and superior aspect of 
cerebellum appears flat. Aqueduct is incom- 
pletely seen and may be blocked. 

B, Stretching of brainstem with elongation of 
mesencephalon with increase in mamillopontine 
distance. Again, flat pons is situated at some 
distance from concave clivus. The massa inter- 
media is absent, and diverticula are in relation 
to hypothalamus and lamina terminalis. Defect 
in anterior corpus callosum is from shunt proce- 
dure. There is also a pointed quadrigeminal plate 
and aqueduct stenosis. Note kink between me- 
dulla oblongata and upper cervical cord (large 
white arrow). Superior surface of vermis is flat- 
tened (black arrow) with herniation of medial 
posterior hemisphere through tentorium. Straight 
sinus is vertical (small white arrow). Aqueduct is 
probably obstructed in its midportion. 


AJR:150, January 1988 MR OF CHIARI Il MALFORMATION 165 





A B C 


Fig. 2.—A and B, Two patients with severe inferior location of cerebellum. 

A, Significant inferior location of cerebellum and flattened superior cerebellum (black arrow). Kink between medulla oblongata and spinal cord is 
indicated (white arrow). 

B, Severe inferior displacement of cerebellum. Superior cerebellum is flat (arrow) and is seen just above foramen magnum with adjacent herniated 
cerebrum. Pons is flat (asterisk), lying just above odontoid. There is severe stretching of mesencephalon with marked increase in mamillopontine distance. 

C, Normal study in 8-month-old child shows normal mamillopontine distance (black line). Note normal appearance of pointed superior vermis. 


Fig. 3.—Chiari Il malformation with hydromye- 
lia in 10-year-old girl. 

A, Large massa intermedia (asterisk), low 
stretched fourth ventricle (short black arrow), 
hydromyelia (long black arrow), and herniated 
cerebellar vermis (arrowhead). There is divertic- 
ulum of third ventricle in relation to mamillary 
body (short white arrow). Clivus is concave (long 
white arrow), with considerable distance sepa- 
rating it from flattened pons. Quadrigeminal plate 
is pointed. Extremely attenuated corpus cal- 
losum as well as atrophy of posterior cerebrum 
resulting in large subarachnoid space above 
apex of tentorium may be from pressure atrophy 
from previous hydrocephalus. 

B, Note vertical, posteriorly placed straight 
sinus (black arrow) and long vein of Galen (white 
arrow). 


Fig. 4.—1-year-old girl with milder changes of 
Chiari ll malformation. Fourth ventricle and aque- 
duct are only slightly stretched. Cerebellar ec- 
topia includes both inferior vermis and tonsil 
(asterisk, A; arrow, B). Tentorial opening is wide 
and there is vertical orientation at line of attach- 
ment along straight sinus that was shown in 
contiguous section (arrowhead, A). Herniation of 
medial temporoparietal cerebrum (asterisk, B) 
through wide tentorium above flattened superior 
vermis of cerebellum. Belly of pons appears 
relatively flattened. In B, anterior portion of cer- 
ebellum encircles brainstem (arrowhead). 
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two patients, the mamillopontine distance was diminished. 
The reduction was severe in one of these, in whom there was 
marked distension of the supratentorial ventricles owing to 
hydrocephalus. In this patient the mamillary body was seen 
nearly touching the pons. In the other patient, the brainstem 
and midline ventricles appeared normal. 

Diverticula and pseudodiverticula of the third ventricle were 
noted in 10 patients. In five, the pseudodiverticula with ac- 
cessory massa intermedia were seen in relation to the lamina 
terminalis. In two patients, the diverticula arose from the floor 
of the hypothalamus, and in three, there were diverticula 
present in relation to both the hypothalamus and the lamina 
terminalis. 

A large (greater than 1 cm actual patient measurement) 
massa intermedia was found in 11 patients. An accessory 
massa intermedia close to but separate from the lamina 
terminalis was noted in two patients. One of our cases also 
showed complete obliteration of the third ventricle, most likely 
as a result of inflammatory changes occurring after chronic 
shunting. 


Discussion 


A detailed description of the morbid findings in a full-term 
infant with spina bifida, craniolacunae, herniation of cerebellar 
vermis, elongated brainstem, and fourth ventricle through the 
foramen magnum was first published by Clealand [2] in 1883. 
In 1891, Chiari [3] reported the morbid findings in infants with 
varying degrees of hindbrain deformity, and he classified them 
into three types (I, Il, and Ill). In 1894, Arnold [4] reported one 
infant with fourth ventricular and cerebellar herniation. Con- 
tributions and observations of numerous authors over the 
years have resulted in the elaboration of many of the neu- 
roanatomic features now regarded as part of the Arnold- 
Chiari [5-7] or Chiari II [8] malformation. 

The radiologic features and evaluations of Chiari II using air 
Studies and polytomography have been reported [8-12], and 
subsequently water-soluble contrast media have been used 
to delineate the midline ventricles [13, 14]. Recently, Naidich 
et al. [15-18] described the CT features of Chiari Il with 
surgical and pathologic correlation. 

Currently, high-field-strength MR affords the opportunity 
for noninvasive evaluation of all the distinctive features of this 
congenital malformation. 
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Cervical Spinal Canal and Hydromyelia 


Inferior displacement of stretched brainstem with kink be- 
tween the medulla oblongata and the spinal cord associated 
with vermian herniation constitute the most important patho- 
logic features of Chiari Il malformation [6, 7]. These abnor- 
malities below the foramen magnum have been shown radio- 
logically with oily contrast media [9], by air studies [8, 19], 
and more recently with water-soluble contrast material in 
combination with both conventional tomography and CT 
[18]. 

With MR, the typical findings of cerebellar vermian hernia- 
tion and spinomedullary kink or spur in the upper cervical 
region were found in 15 of 20 patients (Figs. 1, 2A, and 2B) 
and hydromyelia was demonstrated by cranial MR in three 
(15%) of 20 cases in our series (Fig. 3). The frequency of 
hydromyelia in pathologic reports has varied between 20- 
83% [6, 7] (Table 1). The frequency in our series may be 
falsely low because sagittal MR in the majority of patients 
only included the upper cervical spinal canal. Hydromyelia is 
most frequently demonstrated in the lower cervical and dorsal 
regions [6] and therefore may have been missed in 17 of our 
cases. In six of 26 cases reported by Cameron [6], narrowing 
of the distended central canal in the upper cervical region 
was found. In two patients who had water-soluble contrast 
media examinations, this same finding was seen (Figs. 5 and 
6). Since the majority of patients (18 of 20) were studied after 
shunting, collapse of the hydromyelic cavity after shunting 
may also have contributed to a falsely low frequency in this 
series. Hall et al. [20] provided some insight into the impor- 
tance of shunting in Chiari Il patients in a report of five cases 
with severe progressive spasticity. Three patients had definite 
improvement after shunting of the lateral ventricles. This was 
postulated to be from collapse of the hydromyelia, which they 
demonstrated with Pantopaque studies. For the patient in 
Figure 5, a severe progressive spasticity showed similar, very 
significant clinical improvement after drainage of the hydro- 
myelia to the cervical subarachnoid space. 


Cerebellum and Tentorium 


In 35% of a series of cases examined postmortem by Peach 
[7], upward herniation of the cerebellum was described. Ra- 
diologically, Zimmerman et al. [21] reported the CT appear- 


TABLE 1: Comparison Between Current MR Findings of Chiari II Malformations and Previous Postmortem Studies 








% of Cases (No.) 


Finding Present series Cameron [6] Peach [7] 
(n = 20) (n = 26) (n = 20) 
Elongation of brainstem and low medulla; 

stretched aqueduct and fourth ventricle 75 (15/20) 96 90 
Kinking of medulla on spinal cord 79 (15/19) Noted 99 
Caudal cerebellum 100 (20/20) 96 90 
Hydromyelia 15 (3/20) 83 20 
Beaking of quadrigeminal plate 60 (12/20) Noted 75 
Large massa intermedia 55 (11/20) 63 90 
Large fourth ventricle 25 (5/20) Not noted 25 
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A B 


Fig. 5.— 17-year-old boy with hydromyelia shown by intraventricular metrizamide. 

A and B, Lateral (A) and oblique (B) radiographs after intraventricular metrizamide show hydromyelia with narrowed segment in upper cervical 
region (arrow, B). Dilated fourth ventricle merges imperceptibly into hydromyelia. Poor filling of hydromyelia behind body of C3 may be from adhesions 
(arrows, A). 

C, Stretching of brainstem and aqueduct, and dilated fourth ventricle. Superior vermis is flat. Mamillopontine distance is increased and pons appears 
flat. Caudally displaced parietal lobe rests on top of flattened vermis. MR was performed after shunting of syrinx to subarachnoid space, which is why 
fourth ventricle appears smaller than in A and B. 





A B 


Fig. 6.—Chiari Il malformation with stenosis between fourth ventricle and hydromyelia. Fig. 7.—Chiari | malformation. Midsagittal MR 
A, Sagittal reformatted CT ventriculogram shows low fourth ventricle, which does not appear to shows pointed, inferiorly displaced tonsil; angula- 
communicate with hydromyelia in cervical cord. There is meningomyelocele at cervicothoracic tion between medulla oblongata and cervical 


junction (asterisk). spinal cord; expanded trumpeted upper medulla; 
B, Sagittal reformatted CT myelocisternogram shows expanded hydromyelic cord extending into and rounded belly of the pons. Mamillopontine 
meningomyelocele (arrow). Cerebellar ectopia is evident at craniovertebral junction. Transaxial IV- distance is reduced, partly because of hydroceph- 


enhanced CT section just above meningomyelocele (not shown) revealed hydromyelia that did not alus. 
communicate with fourth ventricle probably because of narrowing of its upper part. 
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ance of “pseudotumor of the tentorium” in meningomyelocele 
patients, and Naidich et al. [16] later used the term “towering 
cerebellum,” which was attributed to upward herniation from 
the inability of the small posterior fossa in Chiari Il patients to 
accommodate posterior fossa contents. However, in 15 (75%) 
of our 20 cases examined by MR, the intracranial cerebellum 
appeared small, and the medial posterior cerebrum was 
clearly seen below the level of the straight sinus adjacent to 
the midline above the superior aspect of the cerebellar vermis, 
which had a flat appearance (Figs. 1, 2, 4, and 5C). We noted 
a fairly normal triangular configuration of the superior cere- 
bellar vermis in three other cases, and in two patients there 
was an intermediate appearance between the normal and the 
horizontal or flattened shape seen in the other 15. 

In two patients, the intracranial cerebellum did appear large 
with a high position of the vermis. In both patients, the 
attachment of the tentorium was normal in position with a 
normal forward inclination and orientation of the straight sinus. 
There was elongation and caudal displacement of the fourth 
ventricle in both. The cerebellar tonsils and inferior vermis 
were caudally displaced in one patient, and in the other, only 
the tonsils were positioned below the foramen magnum. 

An abnormal vertical orientation of the straight sinus was 
found in four of our 20 patients, and in three of these the 
apex of the tentorium was also high (Figs. 1B and 3B). This 
correlates with the observation made by McCoy et al. [8] that 
the falcotentorial junction may be located in an unusually high 
position in the midline, although the underdeveloped tentorial 
leaflets then extend inferiorly and laterally in an abnormally 
low position. This results in a very large tentorial incisura. In 
our three patients in whom transaxial MR was performed, the 
medial aspects of the posterior cerebral hemispheres were 
observed close to the midline, and the ventricular trigones 
appeared to approach one another. In midsagittal and para- 
sagittal sections close to the midline, the medial posterior 
cerebrum was demonstrated below the falcotentorial junction 
in apposition to the flattened surface of the cerebellum (Figs. 
1, 2B, 4, and 5C). MR observations are consistent with the 
concept, therefore, that upward herniation of the cerebellum 
will be seen less often in Chiari Il as the severity of the degree 
of the tentorial hypoplasia increases, and in fact, there is 
downward displacement of the medial posterior cerebrum 
adjacent to the midline. 

Transaxial CT studies with standard 20° angulation to the 
canthomeatal plane may produce a “pseudotumor of the 
tentorium” appearance because inferior posterior fossa sec- 
tions at the level of the low tentorial hiatus will demonstrate 
a component of the cerebellum that appears relatively large 
in comparison with the small amount of the inferiorly located 
posterior cerebral hemispheres. In normal patients, posterior 
sections at these levels include only the cerebellum. Coronal 
sections were not obtained in most of our cases; however, it 
is expected they would have confirmed our observations in 
the sagittal projection and may possibly have added other 
information as well. 

A wide subarachnoid cistern above the cerebellum has 
been noted on CT studies [17]. This may occur consequent 
to parenchymal loss in the medial posterior aspects of the 
cerebral hemispheres owing to pressure atrophy from hydro- 
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cephalus in some patients (Figs. 1A and 3). Peach [7] made 
pathologic observations of brain-tissue loss involving inferior 
and posterior portions of the cerebral hemispheres in some 
of his patients, and this has also been demonstrated radiolog- 
ically on air studies [10]. 


Pons and the Concave Clivus 


A flattened pons, noted in 15 of our 20 patients, was found 
to be associated with concavity of the clivus in eight. MR 
demonstrated that the concavity involved the basioccipital 
portion while the basisphenoid remained straight (Figs. 1, 3, 
and 5C), consistent with previous observations by Yu and 
Deck [22], who suggested that this could be caused by 
pressure effect of the pons against the clivus. However, 
polytome air studies in some patients have shown that the 
pons may be situated a considerable distance from the con- 
cave clivus [12, 23]. This observation as well as the MR 
studies both mitigate against the theory of pressure effect on 
the clivus by the pons. 


Fourth Ventricle and the Aqueduct 


In five of 20 cases in this series, dilatation of the inferiorly 
displaced fourth ventricle was noted. This has been reported 
from autopsy material [7, 24] and has been shown on air 
studies [11, 12]. 

A double-humped appearance of the inferiorly displaced 
fourth ventricle in Chiari II has also been demonstrated by air 
studies [8, 9, 11, 12] and attributed to bulging of the inferior 
vermis [8]. This double-humped appearance was not seen in 
any of our cases studied with MR. 

CT without the use of water-soluble contrast media has 
not provided adequate delineation of the aqueduct, and this 
represents a clear-cut advantage of the direct sagittal imaging 
capability of MR. MR sections 3 mm or less in thickness 
should be used for consistent and proper delineation of the 
aqueduct. Nonvisualization is then highly suggestive of aque- 
duct obstruction. MR may not depict physiologic obstruction, 
however. Intraventricular contrast studies with air movement 
from the third ventricle to a low fourth ventricle was noted in 
apparent aqueduct obstruction [9, 10, 12]. In older children, 
chronic inflammatory changes after shunting may also result 
in structural blockage of the aqueduct, contributing to an 
increased occurrence of aqueduct obstruction with the age 
of the patient and with shunting. 


Mesencephalon and Third Ventricle 


Beaking of the quadrigeminal plate, first reported by Clea- 
land [2] in 1883, represents a characteristic morphologic 
finding in Chiari Il patients [6, 7]. Elongation of the mesen- 
cephalon, however, has not been stressed in the previous 
pathologic or radiologic literature and was clearly shown by 
MR in 50% of the cases in our series. This was confirmed by 
measurement of the mamillopontine distance, and the values 
found were well above the normal adult range [1] (Fig. 2C), 
with measurements of up to 3.0 cm. 
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TABLE 2: Hindbrain Abnormalities in Chiari | and Il Malformations 





Feature Chiari | Chiari II 
Mamillopontine distance Reduced Increased 
Beaked quadrigeminal plate No Yes 
Junction between spinal cord and medulla May show angulation Kinking or “spur” 
Pons Round Flat 


Medulla oblongata 


“Trumpet-shaped” with 


Stretched and low 


increased antero- 

posterior diameter 
at medullopontine 
junction 


Cerebellar ectopia 


The large massa intermedia is a well-known feature asso- 
ciated with Chiari ll [6, 7], and other specific morphologic 
changes seen in the third ventricle have included accessory 


Tonsils 


Vermis + tonsils 
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Variable Appearances of 
Subacute Intracranial Hematomas 
on High-Field Spin-Echo MR 





Subacute intracranial hematomas have variable appearances on high-field MR im- 
ages. They are hyperintense on T1-weighted images owing to methemoglobin, but have 
variable intensities on T2-weighted images. Observation of the different high-field spin- 
echo MR intensity patterns of five subacute hematomas suggests that further subcate- 
gorization into different methemoglobin states may be possible. In particular, undiluted 
intracellular methemoglobin is hyperintense on T1-weighted images and markedly 
hypointense on T2-weighted images, undiluted free methemoglobin should be hyperin- 
tense on T1-weighted images and isointense or slightly hypointense on T2-weighted 
images, and dilute free methemoglobin is hyperintense on both T1- and T2-weighted 
images. However, it appears that certain regions of subacute hematomas may be difficult 
to differentiate, by intensity patterns alone, from melanotic melanomas or fat. 

We believe that, despite some limitations, MR is useful in dividing subacute intracranial 
hematomas into their respective methemoglobin states, and also that further subcate- 
gorization is possible. 


Early experience with MR imaging of intracranial hematomas at 1.5 T has 
revealed three characteristic signal-intensity patterns [1]: 

1. Acute hematomas (<1 week old) are isointense to gray matter on T1-weighted 
images and markedly hypointense on T2-weighted images. This is ascribed to a 
selective T2 proton relaxation enhancement (relaxation time shortening) by intra- 
cellular deoxyhemoglobin. 

2. Subacute hematomas (about 1 week to <1 month old) are initially hyperintense 
at the hematoma periphery on T1-weighted images. The hyperintensity on T1- 
weighted images proceeds to fill the whole hematoma and eventually (by 2 weeks) 
becomes observable on T2-weighted images as well. This is attributed to the 
formation of intracellular methemoglobin, which is paramagnetic, and to subsequent 
cell lysis and watery dilution by resorption of the resultant free methemoglobin. 

3. In subacute and chronic hematomas, the adjacent brain parenchyma is slightly 
hypointense on T1-weighted images and markedly hypointense on T2-weighted 
images. This is because hemosiderin deposits produce a selective T2 relaxation 
enhancement. 

We report our observations on the previously unappreciated variability of the 
high-field MR intensities of subacute hematomas and discuss the underlying 
relaxation mechanisms and relevant differential diagnoses. 


Subjects and Methods 


Over a period of 1 year, we observed five patients with subacute intracranial hematomas 
from various causes. All hematomas were diagnosed and staged by clinical and CT findings. 
Two were confirmed surgically and pathologically. MR imaging was performed on a GE 1.5- 
T superconducting unit. Spin-echo pulse sequences were obtained with 5-mm-thick slices, 
two excitations, and 256 x 128 acquisition matrixes. T1-weighted images were obtained with 
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TABLE 1: MR Intensities of Subacute Hematomas 


SS ees 





Image Intensity Relative to Gray Matter 
Case fy nae noe CT Density - a - s 
No. Hanatana Hematoma T1-Weighted Weighted y T2-Weighted 
1 Spontaneous (nor- 5 days Increased Increased Unchanged Decreased 
mal angiography) 
2 Small AVM 12 days Unchanged Increased Increased Increased 
(surgically confirmed) Unchanged Increased Slightly in- Unchanged 
creased 
3 Traumatic 6 days Increased Increased Unchanged Decreased 
Decreased Slightly in- Increased Increased 
creased 
4 Hypertensive 9 days Increased Increased Unchanged Decreased 
5 Traumatic, subdural 7 days Decreased Increased Increased Increased 
(surgically confirmed) Unchanged Increased Unchanged Decreased 
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Note.—AVM = arteriovenous malformation. 


Fig. 1.—Case 1: 5-day-old multicompart- 
mented spontaneous hematoma (normal angiog- 
raphy). 

A, Unenhanced CT scan (4 days after hemor- 
rhage) shows hyperdense hematoma medially 
with isodense portion laterally. 

B, T1-weighted image, TR = 600 msec, TE = 
25 msec. Large lateral segment of hematoma 
(long arrow), slightly hypointense to gray matter, 
represents intracellular deoxyhemoglobin. Me- 
dial to it (short arrow) is hyperintense region 
representing intracellular methemoglobin; me- 
dial to this (large arrowhead) is small collection 
of intracellular deoxyhemoglobin more hypoin- 
tense than lateral segment. Note thin rim of hy- 
perintensity (small arrowhead) surrounding 
whole hematoma representing intracellular met- 
hemoglobin. 

C, Proton-density-weighted image, TR = 2500 
msec, TE = 30 msec. Regions of hyperintensity 
have become slightly hypointense. 

D, T2-weighted image, TR = 2500 msec, TE 
= 80 msec. All regions have become markedly 
hypointense. Lateral and medial segments cor- 
respond to intracellular deoxyhemoglobin. Me- 
dial segment has higher deoxyhemoglobin con- 
centration and higher hematocrit. Hyperintense 
regions on T1-weighted image are isointense on 
proton-density-weighted image and markedly 
hypointense on T2-weighted image because of 
undiluted intracellular methemoglobin. Note that 
subcutaneous and diploic fat is hyperintense on 
T1-weighted image, isointense on proton-den- 
sity-weighted image, and hypointense on T2- 
weighted image. 





Results 


a repetition time (TR) of 400-800 msec and echo time (TE) of 20-25 
msec. Proton-density-weighted images were obtained with a TR of 
1500-2500 msec and TE of 20-35 msec. T2-weighted images were 
obtained with a TR of 1500-2500 msec and TE as a second echo of 
40-120 msec. 


All subacute hematomas had regions of hyperintensity on 
T1-weighted images (Table 1 and Figs. 1-5). On proton- 
density-weighted images these regions were either isointense 
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Fig. 2.—Case 2: concentric 12-day-old and 2- 
day-old hematomas caused by small vascular 
malformation (surgically confirmed). 

A, Enhanced coronal CT scan shows acute 
hyperdense right temporal hematoma sur- 
rounded by isodense subacute hematoma. Sub- 
tle thin ring of enhancement surrounds hema- 
toma (arrow) and hypodensity of edema is seen 
superomedially (arrowhead). 

B, T1-weighted image, TR = 800 msec, TE = 
20 msec. Central acute hematoma (white arrow) 
consisting of intracellular deoxyhemoglobin is 
slightly hypointense to gray matter. Surrounding 
subacute hematoma is markedly hyperintense 
(black arrow). 

C, Proton-density-weighted image, TR = 1500 
msec, TE = 20 msec. Central acute hematoma 
(large white arrowhead) has remained mildly hy- 
pointense to cortex. Surrounding subacute he- 
matoma now shows mildly hyperintense inner 
region (curved arrow) representing dilute intra- 
cellular methemoglobin and markedly hyperin- 
tense outer region (black arrowhead) represent- 
ng free methemoglobin. Thin peripheral ring of 
parenchymal hypointensity (straight arrow) cor- 
responds to hemosiderin deposition. Surround- 
ing edema (small white arrowhead) has become 
hyperintense. 

D, T2-weighted image, TR = 1500 msec, TE 
= 40 msec. Acute hematoma has become more 
hypointense. Inner region of subacute hematoma 
has become isointense to gray matter, while 
outer region remains markedly hyperintense. He- 
mosiderin ring appears more hypointense and 
wider. Surrounding edema remains hyperin- 
tense. Acute central hematoma is composed of 
intracellular deoxyhemoglobin. Outer region of 
subacute hematoma corresponds to free dilute 
methemoglobin. Inner region of subacute he- 
matoma corresponds to dilute intracellular met- 
hemoglobin. 


C 


or hyperintense. On T2-weighted images, the regions that 
were isointense on the proton-density images were variably 
hypointense (Figs. 1 and 3-5), and the regions that were 
hyperintense on the proton-density-weighted images were 
variably hyperintense (Figs. 2, 3, and 5). One subacute he- 
matoma (Fig. 1) was only 5 days old, indicating that the 
hyperintensity on T1-weighted images may appear as early 
as 5 days. 


Discussion 


The mechanism for the selective T2 relaxation enhance- 
ment of intracellular deoxyhemoglobin, intracellular methe- 
moglobin, and of hemosiderin deposits is the dephasing of 
water molecules diffusing across field gradients owing to the 
heterogeneity in the distribution (intracellular or intralysoso- 
mal) of the paramagnetic substance (Fe** with four unpaired 
electrons for deoxyhemoglobin and Fe** with five unpaired 
electrons for methemoglobin, ferritin, and hemosiderin) [2]. In 
the absence of unpaired electrons, the protons of water 
molecules relax (realign with the magnetic field) via fluctua- 
tions in their local magnetic field caused by the motion of 
adjacent protons. The presence of unpaired electrons (for 
example, five unpaired electrons per methemoglobin mole- 
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cule) creates fluctuations 1000 times larger owing to the 
electrons’ larger magnetic moment. These larger fluctuations 
enhance the relaxation of protons. This is called the proton- 
electron dipolar-dipolar proton relaxation enhancement. The 
hyperintensity of T1-weighted images of subacute and chronic 
hematomas was ascribed to the proton-electron dipolar-di- 
polar proton relaxation enhancement of methemoglobin. This 
interaction drops off extremely rapidly with distance; the water 
proton must approach within 3A of the unpaired electron for 
the interaction to occur. Unlike methemoglobin, the unpaired 
electrons of deoxyhemoglobin, ferritin, and hemosiderin are 
inaccessible to water protons for the dipolar-dipolar interac- 
tion. Intracellular methemoglobin, which has both relaxation 
mechanisms, causes significant T1- and T2-relaxation-time 
shortening. Cell lysis and the dilution of the liberated methe- 
moglobin by resorption leads to a decrease in the T1 and T2 
relaxation enhancement of the proton-electron dipolar-dipolar 
mechanism, and the cessation of the selective T2 relaxation 
enhancement caused by the intracellular (heterogeneously 
distributed) methemoglobin. 

Heterogeneity in the distribution of any paramagnetic sub- 
stance (for example, intracellular deoxyhemoglobin or met- 
hemoglobin) results in heterogeneity of magnetic susceptibil- 
ity, which produces field gradients when an external magnetic 
field is applied. On spin-echo MR, diffusion of water protons 


across these magnetic field gradients causes selective T2 
relaxation enhancement, which increases as the square of 
the heterogeneity of the magnetic susceptibility and as the 
Square of the magnetic field strength [1, 2]. It also increases 
with lengthening of the interecho interval [2]. The proton- 
electron dipolar-dipolar relaxation enhancement is not de- 
pendent on heterogeneity of magnetic susceptibility. It is 
unaffected by interecho interval and minimally affected by field 
strength or red cell lysis. 

Recently, we studied the in vitro MR relaxation times of 
blood and their variations with field strength, oxidation state, 
and cell integrity [2]. That study confirmed the hypothesis of 
selective T2 relaxation enhancement for intracellular deoxy- 
hemoglobin and methemoglobin and of proton-electron dipo- 
lar-dipolar proton relaxation enhancement for methemoglobin. 
The study also confirmed that the selective T2 relaxation 
enhancement of intracellular deoxyhemoglobin and of intra- 
cellular methemoglobin increases as the square of the mag- 
netic field strength and as the square of the heterogeneity of 
magnetic susceptibility. The selective T2 relaxation enhance- 
ment also increased with prolongation of the interecho interval 
and was not present after cell lysis. The study demonstrated 
that the proton-electron dipolar-dipolar relaxation enhance- 
ment of methemoglobin was unaffected by field strength, the 
length of the interecho interval, or cell integrity. 

The variable intensities of subacute hematomas on proton- 





Fig. 3.—Case 3: traumatic 6-day-old hema- 
toma. 

A, Axial unenhanced CT scan (2 days after 
trauma) shows hyperdense left frontal hema- 
toma (arrow). Posterior to it is hematoma region 
with fluid-fluid level (arrowhead) consisting of 
hypodense supernatant and hyperdense de- 
pendent layer. There is also a left temporal con- 
tusion. 

B, Axial T1-weighted image, TR = 800 msec, 
TE = 25 msec. Hematoma has hyperintense pe- 
riphery and isointense center. In fluid-fluid layer 
supernatantis slightly hyperintense and depend- 
ent layer is isointense to gray matter. 

C, Proton-density-weighted image, TR = 2500 
msec, TE = 35 msec. Hematoma center is hy- 
pointense to gray matter and periphery is isoin- 
tense. Supernatant is markedly hyperintense 
and dependent layer is hypointense. 

D, T2-weighted image, TR = 2500 msec, TE 
= 70 msec. Hematoma center is quite hypoin- 
tense, representing intracellular deoxyhemoglo- 
bin. Periphery is hypointense, representing 
intracellular methemoglobin. Supernatant is very 
hyperintense, representing very dilute-free met- 
hemoglobin, and dependent layer is markedly 
hypointense, representing intracellular deoxy- 
hemoglobin. 


density-weighted images are from differences in dilution. The 
variable intensities on the T2-weighted images are from both 
differences in dilution and variations in the selective T2 relax- 
ation enhancement. The variability in the T2 relaxation en- 
hancement is primarily caused by different degrees of cell 
lysis, resulting in a variable amount of selective T2 proton 
relaxation enhancement by the intracellular methemoglobin 
[2]. Cell lysis is more effective in decreasing the selective T2 
relaxation enhancement of intracellular methemoglobin than 
is simple dilution because the methemoglobin released from 
the lysed cells increases the extracellular magnetic suscepti- 
bility. Thus, cell lysis decreases the differences in the magnetic 
susceptibility between the inside and the outside of the re- 
maining intact RBCs containing methemoglobin. This de- 
crease in the heterogeneity of magnetic susceptibility causes 
a marked decrease in the selective T2 relaxation enhance- 
ment, because the T2 relaxation enhancement is proportional 
to the square of the variation (heterogeneity) of the magnetic 
susceptibility [1, 2]. However, a change in the concentration 
of RBCs containing methemoglobin by dilution with a nonpar- 
amagnetic fluid such as plasma causes mild changes in the 
heterogeneity of magnetic susceptibility until the hematocrit 
exceeds 90% or is under 10% [1]. Therefore, dilution without 
lysis of intracellular methemoglobin does not greatly influence 
the selective T2 relaxation enhancement until it is under a 
hematocrit of 10%. 


Fig. 4.—Case 4: 9-day-old hypertensive right 
basal ganglia hematoma in patient who appar- 
ently had a previous right caudate hemorrhage. 

A, Unenhanced CT scan 6 days after hemor- 
rhage shows hyperdense right basal ganglia he- 
matoma. 

B, T1-weighted image, TR = 600 msec, TE = 
25 msec, shows hyperintense hematoma. 

C, Slightly T2-weighted image, TR = 2500 
msec, TE = 40 msec. Hematoma is hyperintense 
in periphery and isointense in center. Caudate is 
hypointense. 

D, T2-weighted image, TR = 2500 msec, TE 
= 80 msec. Hematoma has become more hy- 
pointense, representing intracellular methemo- 
globin. Caudate is quite hypointense, probably 
representing hemosiderin deposits of previous 
caudate hemorrhage. 


intracellular methemoglobin has a powerful selective T2 
relaxation enhancement in addition to its proton-electron di- 
oolar-dipolar relaxation enhancement [2]. The proton density 
of intracellular methemoglobin or deoxyhemoglobin (hemato- 
crit of 90% after plasma resorption) is similar to that of gray 
matter [1]. Therefore, purely intracellular methemoglobin is 
hyperintense on T1-weighted images, isointense or proton- 
density-weighted images, and quite hypointense on T2- 
weighted images (Fig. 1). 

Panhyperintensity (on all spin-echo sequences) (Fig. 2) is a 
frequent finding in subacute and chronic hematomas. It is 
from the proton-electron dipolar-dipolar proton relaxation en- 
hancement of dilute free methemoglobin. This relaxation 
causes a mild shortening of the T1 and T2 relaxation times, 
and the diluteness of the solution is responsible for a high 
proton density. The TRs used in spin-echo MR imaging are 
much longer than the TEs and usually are not much longer 
than the T1 relaxation times. The TEs are usually shorter than 
the T2 relaxation times. Therefore, the T1 shortening and 
high proton-density effects of dilute methemoglobin will dom- 
inate the spin-echo intensity pattern, resulting in panhyperin- 
tensity. Free, unbound Fe** ions also cause proton-electron 
dipolar-dipolar proton relaxation enhancement [2] and may 
also play a role in the panhyperintensity of dilute chronic 
hematomas. 

Hyperintensity on T1-weighted images and isointensity on 
both proton-density- and T2-weighted images indicate a short 





T1 relaxation time and normal proton density and T2 relaxa- 
tion time; that is, a proton-electron dipolar-dipolar proton 
relaxation enhancement without selective T2 proton relaxa- 
tion enhancement or dilution. Free undiluted methemoglobin 
should have these properties. 

if the hematocrit of intracellular methemoglobin is reduced 
by dilution without cell lysis (dilute intracellular methemoglo- 
bin) then the proton density will be elevated. The decrease in 
the proton-electron dipolar-dipolar relaxation enhancement is 
“compensated” by the increase in proton density until there 
is a great degree of dilution. The decrease in the selective T2 
relaxation enhancement will only be evident if the hematocrit 
is drastically reduced (<10%) [1]. Therefore, the elevation of 
the proton density will be the most noticeable effect; that is, 
the T1-weighted image will remain hyperintense, the proton- 
density and T2-weighted images will become more intense 
(depending on the degree of dilution), but the T2-weighted 
image will still be significantly hypointense to the proton- 
density-weighted image (Fig. 2). 

Intermediate states may exist. The intensity patterns of 
these states will vary between the patterns of the individual 
components. A combination of intracellular methemoglobin 
and deoxyhemoglobin will be variably hyperintense on T1- 
weighted images. The proton-density- and T2-weighted im- 
ages will not be affected because the proton densities and 
the T2 relaxation times are similar for intracellular methemo- 
globin and intracellular deoxyhemoglobin. Similarly, different 
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degrees of lysis of intracellular methemoglobin will result in 
variable T2-weighted image hypointensities because of the 
change in selective T2 proton relaxation enhancement caused 
by the variable decreases in the heterogeneity of the magnetic 
susceptibility. The T1-weighted and proton-density-weighted 
images will be relatively unaffected because both intracellular 
and undiluted free methemoglobin have similar proton-elec- 
tron dipolar-dipolar proton relaxation enhancement and pro- 
ton density. Various degrees of free methemoglobin dilution 
will cause the T1-weighted image to vary from hyperintensity 
to hypointensity, the proton-density-weighted image to vary 
from isointensity to hyperintensity and then back to isointen- 
sity, and the T2-weighted image to vary from isointensity to 
hyperintensity. As the free methemoglobin is diluted it loses 
its proton-electron dipolar-dipolar enhancement and its proton 
density increases to that of CSF. CSF has such long T1 and 
T2 relaxation times that on conventional spin-echo MR images 
with TRs less than 3000 msec it will be hypointense on T1- 
weighted images, mildly hypointense or isointense on proton- 
density-weighted images, and hyperintense on T2-weighted 
images. Of course other combinations may occur as well; for 
example, undiluted free deoxyhemoglobin and free methe- 
moglobin. In this case there will be variable hyperintensity on 
T1-weighted images with isointensity on proton-density- and 
T2-weighted images. 
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Fig. 5.—Case 5: subacute left subdural he- 
matoma (surgically confirmed) of uncertain age 
in 3-year-old patient with seizure disorder and 
recurrent head trauma. 

A, Unenhanced CT scan shows left subdural 
hematoma with slightly hypodense supernatant 
and isodense dependent portion. Small chronic 
subdural hygroma is on right. 

B, T1-weighted image, TR = 600 msec, TE = 
20 msec, 7 days after CT study. Supernatant of 
left subdural hematoma is hyperintense and de- 
pendent portion (arrow) is less hyperintense with 
multiple pools of hyperintensity in it. There is 
small similar region superiorly (arrowhead). 
Right subdural hygroma is isointense. 

C, Proton-density-weighted image, TR = 2500 
msec, TE = 30 msec. Supernatant remains hy- 
perintense, and dependent (arrow) and superior 
(arrowhead) regions are now isointense with 
multiple pools of hyperintensity. Right subdural 
hygroma is slightly hyperintense. 

D, T2-weighted image, TR = 2500 msec, TE 
= 80 msec. Supernatant (free dilute methemo- 
globin) remains very hyperintense. Dependent 
and superior regions are hypointense (intracel- 
lular methemoglobin) with pools of hyperintens- 
ity (free dilute methemoglobin). These regions 
represent areas of clot lysis. Right subdural hy- 
groma is now hyperintense. 


Figure 6 illustrates the four possible methemoglobin states 
and Table 2 presents the functional relationships between the 
methemoglobin states and the resultant relaxation enhance- 
ments and proton density. In Table 2, the (Hct)(100 — Hct) 
factor is the heterogeneity factor [1]. The 1/T2* on gradient- 
echo MR is proportional to the field gradient across the cell 
membrane and the 1/T2 of spin-echo MR is proportional to 
the square of the field gradient. The gradient across the cell 
membrane is proportional to the difference in magnetic sus- 
ceptibility across the cell membrane and to the field strength. 
The fractions in the equations result from the fact that met- 
hemoglobin has five and deoxyhemoglobin has four unpaired 
electrons per iron atom, and that the magnetic susceptibility 
is proportional to the number of unpaired electrons. Table 3 
presents the patterns of the relative relaxation times and 
proton densities occurring in the various types of regions 
associated with subacute intracranial hematomas. Of course, 
mixtures will have patterns intermediate to their individual 
components. 

A report by Di Chiro et al. [3] demonstrated the evolution 
of intracranial hemorrhage in a monkey on high-resolution MR 
imaging at 0.5 T. Their images (interpreted in light of the 
importance of susceptibility heterogeneity) at days 2-3 were 
characteristic of intracellular deoxyhemoglobin; days 4-8, of 
intracellular methemoglobin; and days 5-15, of dilute free 
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Fig. 6.—Four possible methemoglobin (MHb) states are combinations 
of methemoglobin and plasma. Plasma: no magnetic susceptibility; no 
dipolar-dipolar relaxation enhancement; high proton density. Methemoglo- 
bin: high magnetic susceptibility; has dipolar-dipolar relaxation enhance- 
ment; if undiluted, has average proton density. 

A, Undiluted intracellular methemoglobin: has magnetic susceptibility 
heterogeneity (T2 shortening); has dipolar-dipolar relaxation enhancement 
(T1 shortening); has average proton density. 

B, Dilute intracellular methemoglobin: has some magnetic susceptibility 
heterogeneity; has some dipolar-dipolar relaxation enhancement; has high 
proton density. 

C, Undiluted free methemoglobin: has no magnetic susceptibility heter- 
ogeneity; has dipolar-dipolar relaxation enhancement; has average proton 
density. 

D, Dilute free methemoglobin: has no magnetic susceptibility hetero- 
geneity; has some dipolar-dipolar relaxation enhancement; has high proton 
density. 





A 
[jpLasma 






MMJUNDILUTED MHb 


methemoglobin, as well as of hemosiderin at 2 months. 

Melanin is a free-radical trap and can chelate paramagnetic 
metal ions. The unpaired electrons of the free radicals and of 
the chelated metal ions and probably of associated methe- 
moglobin are the source of melanin’s paramagnetism [4, 5]. 
The major paramagnetic effect of significance to spin-echo 
MR imaging is the proton-electron dipolar-dipolar interaction 
[6]. In deeply pigmented melanomas without gross pathologic 
evidence of hemorrhage this interaction can cause sufficient 
proton relaxation enhancement to mimic methemoglobin’ s 
hyperintensity on T1-weighted images (Fig. 7). However, mel- 
anotic melanomas are not as hyperintense on T2-weighted 
images as free dilute methemoglobin is nor as hypointense 
as undiluted intracellular methemoglobin. Thus, melanotic 
melanomas may be difficult to distinguish from certain regions 
of subacute hematomas. Fat is hyperintense on T1-weighted 
images, isointense on proton-density images, and hypoin- 
tense on T2-weighted images at high field strengths (1.5 T) 
(Fig. 1). It may also be difficult to differentiate it from regions 
of subacute hematomas or from melanotic melanomas. How- 
ever, associated MR and clinical findings usually allow the 
differentiation of melanotic melanoma, fat, and subacute he- 
matomas. 

Rapid imaging by gradient echoes rather than by spin 
echoes has recently been introduced. Its sensitivity to T2* 
allows the effects of susceptibility heterogeneity to be de- 
tected at much lower field strengths [7, 8], at the cost of 
lower signal to noise and increased sensitivity to field gra- 
dients because of the magnet and the macroscopic suscep- 
tibility heterogeneity and chemical shifts. Although subacute 
hematomas have not yet been carefully studied by gradient- 
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TABLE 2: Functional Relationships Between Hemoglobin 
States, Relaxation Rates, and Proton Density 


———— 
T2 PRE a (Hct) (100 — Hct) [ + 24/35 


— MHb — 24/35 Hb]*Bo? 


T2* PRE a (Hct) (100 — Het) (wo) + 24/35 (e) 


— MHb — 24/35 Hb]*Bo 


PEDD PRE a + MHb 


PD. — PDp a (wi) (Fo) + (feo) + me 


Hb + HbO; 





Note.—a = approximately equal to; T2 PRE = 1/T2 on spin-echo MR owing 
to susceptibility heterogeneity; T2* PRE = 1/T2* on gradient-echo MR owing 
to susceptibility heterogeneity; PEDD PRE = 1/T1 and 1/T 2 owing to proton- 
electron dipolar-dipolar proton relaxation enhancement; Hct = hematocrit; 
circled MHb = intracellular methemoglobin; MHb = extracellular (free) metne- 
moglobin; circled Hb = intracellular deoxyhemoglobin; Hb = extracellular (free) 
deoxyhemoglobin; circled HbO2 = intracellular oxyhemoglobin; HbO2 = extra- 
cellular oxyhemoglobin; PD, = proton density of pure water; PD, = proton 
density of the subacute hematoma; Bo = strength of magnetic field. Magnetic 
susceptibility is proportional to n (n+2), where n = the number of unpaired 
electrons: hence, the fraction 24/35 for 4 and 5 unpaired electrons (decxyhe- 
moglobin and methemoglobin, respectively). 


echo techniques, they should have characteristics similar to 
those observed on high-field spin-echo MR. One additional 
effect seen on gradient-echo techniques can be confusing. It 
is the peripheral hypointensity caused by the border between 
macroscopic regions of different susceptibilities, for example, 
dense calcium-soft tissue; air-soft tissue; fat-water; and 
deoxyhemoglobin, methemoglobin, or hemosiderin and soft 
tissue. These must be differentiated from marginal hemosid- 
erin deposits around hemorrhagic lesions. Marginal hemosid- 
erin deposits have both T2* shortening and T2 shortening on 
spin-echo images because of both macroscopic and micro- 
scopic susceptibility heterogeneity. 

Our current clinical MR observations and previous in vitro 
models indicate that further subcategorization of subacute 
hematomas is possible on the basis of T1-, proton-density-, 
and T2-weighted images. However, melanotic melanomas 
and fat may be difficult to differentiate, by intensity patterns 
alone, from certain regions of subacute hematomas. 
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TABLE 3: Relative Relaxation Times and Proton Densities in Regions Associated with Subacute Intracranial Hematomas 


Cann ncn cnn nn ncn 


Relaxation Time or Proton Density 

















Region i 
ii T1-Weighted T T2-Weighted 
Dilute intracellular methemoglobin? Decreased Increased Decreased 
Dilute (free) lysate (free) methemoglobin? Decreased Increased Unchanged or 
increased 
Undiluted intracellular methemoglobin? Decreased Unchanged Decreased 
Undiluted (free) lysate (free) methemoglo- Decreased Unchanged Unchanged 
bin? 
Dilute intracellular deoxyhemoglobin Unchanged or Increased Decreased 
increased 
Dilute intracellular and lysate (free) oxy- Unchanged or Increased Unchanged or 
hemoglobin; lysate (free) deoxyhemo- increased increased 
globin; or any dilute protein solution, 
edema, tumor, or CSF 
Intracellular deoxyhemoglobin or hemo- Unchanged Unchanged Decreased 
siderin 
Gray matter (standard) or undiluted (free) Unchanged Unchanged Unchanged 
lysate (free) deoxyhemoglobin or oxy- 
hemoglobin, or undiluted intracellular 
oxyhemoglobin 
Hemosiderin deposits + calcifications Unchanged Decreased Decreased 
Very dense calcifications, dura, or flow Unchanged Decreased Unchanged 


void 


* Can be mimicked by fat or melanin. 
Note.—Undiluted = concentration equivalent to hematocrit of 90%. 





Fig. 7.—Nonhemorrhagic (pathologically proved) melanotic melanoma metastasis. 

A, Unenhanced CT scan shows high-absorption left frontal mass surrounded by low-absorption regions (edema). 

B, T1-weighted image, TR = 600 msec, TE = 20 msec. Tumor is hyperintense because of proton-electron dipolar-dipolar proton relaxation enhancement 
of melanin. 

C, T2-weighted image, TR = 2500 msec, TE = 80 msec. Tumor is mostly isointense with some regions of hypointensity. There is no peripheral 
hemosiderin ring. Surrounding edema is hyperintense. 
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MR of Neuronal Migration 
Anomalies 





Migration anomalies are congenital malformations caused by insults to migrating 
neuroblasts during the third to fifth gestational months. Included in this group are agyria, 
pachygyria, polymicrogyria, unilateral megalencephaly, schizencephaly, and gray matter 
heterotopias. Patients who have these conditions present clinically with developmental 
delay and seizures, and abnormal motor skills are noted in the more severely affected 
infants. To determine the utility of MR as a method for imaging in these patients, we 
used MR to evaluate 13 patients who had the full spectrum of migration anomalies. MR 
was more sensitive than CT in detecting these anomalies because of its better contrast 
between gray and white matter. We found that MR was particularly more sensitive in 
detecting schizencephaly, where recognizing the presence of gray matter lining the 
cleft is critical to distinguishing that disease from porencephaly, and in detecting 
polymicrogyria, where critical details of cortical architecture are obscured on CT by the 
overlying bone. Multiplanar capabilities were also found to be essential, since narrow 
clefts may not be detected when the imaging plane is parallel to the cleft. 

MR should be the primary imaging method for infants who have seizures or develop- 
mental delay. 


Abnormalities of cell migration are characterized by ectopic location of neurons 
in the cerebral cortex. This broad group of anomalies includes agyria, pachygyria, 
polymicrogyria, schizencephaly, unilateral megalencephaly, and gray matter heter- 
otopias. All these entities have been characterized pathologically and in vivo by 
sonography and CT. MR is an imaging technique uniquely suited to study these 
anomalies because of its exceptional differentiation between gray and white matter 
and its high-resolution multiplanar display of anatomy. 

In a review of 537 MR studies in the pediatric age group, we identified 13 
patients with migration anomalies. We review the salient features of these anom- 
alies and their MR appearance. The relationship of the pathologic anatomy to 
theories of pathogenesis is emphasized. 


Subjects and Methods 


Thirteen patients with migration anomalies were scanned, including two with lissencephaly, 
four with schizencephaly, two with unilateral megalencephaly, two with isolated polymicro- 
gyria, and three with isolated gray matter heterotopias. The four patients with schizenceohaly 
also had foci of polymicrogyria. One of the patients with unilateral megalencephaly had foci 
of ectopic gray matter. The patients’ ages ranged from 4 months to 21 years, with a mean 
of 6.6 years and a median age of 3.5 years. The mean age is skewed by two patients with 
schizencephaly who were 17 and 21 years old. The patients were referred for imaging 
because of seizures, mental retardation, developmental delay, or enlarging head size (see 
Table 1). 

Ten patients were examined on a 1.5-T GE Signa unit. Three patients were examined on 
a 0.35-T Diasonics MT/S scanner. Slice thickness was 5 mm with a 2.5-mm interslice gap. 
Spin echo (SE) images were obtained with a TR of 2000 msec and TE of 35-40 msec and 
70-80 msec in the transverse and coronal planes and a TR of 600 msec and TE of 25 msec 
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TABLE 1: Summary of Patient Data 








Patient Age —— MR Diagnosis 
1 4mo S Lissencephaly 
2 4 y S, DD Lissencephaly 
3 8 y DD Polymicrogyria 
4 2y S, DD Polymicrogyria 
5 12mo S,DD Schizencephaly (bilateral vertical 
clefts: one narrow, one wide); 
polymicrogyria in and adjacent to 
clefts 
6 7mo S,DD Schizencephaly (bilateral horizontal 
clefts: both narrow); polymicrogy- 
ria and pachygyria in adjacent 
brain 
7 Wy S, DD Schizencephaly (unilateral horizontal 
wide cleft); polymicrogyria in and 
adjacent to cleft; ectopic gray 
matter 
8 21y S Schizencephaly (unilateral vertical 
cleft with fused lips) 
9 2y S, DD,H Unilateral megalencephaly 
10 8 y S, DD Unilateral megalencephaly 
11 7y S Heterotopic gray matter 
12 2y S Heterotopic gray matter 
13 3y S Heterotopic gray matter 


a ES 
* Abbreviations: S = seizures; DD = developmental delay; H = hemiplegia. 


in the axial, coronal, or sagittal plane, as indicated. The results of 
these studies are included in the Discussion section. 

Pathologic confirmation was not obtained. Migration anomalies 
were diagnosed from the characteristic gross morphology of the 
affected brains, which has been established from pathologic and CT 
experience. 


Discussion 


The phenomenon of neuronal migration has been known 
since the turn of the century [1]. The neurons that constitute 
the mammalian brain are generated in proliferative zones 
situated along the ventricular surface of the developing brain 
[1-4]. At the end of the second gestational month, the neu- 
rons migrate from their site of origin along radially aligned glial 
cells to relatively distant final positions [3, 4] (Figs. 1 and 2). 
At this point they differentiate further, grow axons and den- 
drites, and develop synaptic contacts with other neurons [4]. 

The final position of the neurons within the cortex varies 
inversely with the time of cell origin. Those cells generated 
earlier migrate to the deeper cortical layers relatively quickly 
(3-4 days). The cells generated later end their migration in 
the more superficial cortex; this migration takes place over 
several weeks. The major cell migration activity lasts about 2 
months, beginning in the eighth fetal week and ending at 
about week 16 [4, 5]. Smaller waves of cell migration continue 
up to week 25. Any insult to the brain during this period 
results in a migration anomaly. 

The normal human cerebral cortex is six-layered, the sizes 
of the layers varying with the location. There is a marginal 
layer (I), external granular layer (Il), external pyramidal layer 
(Ill), internal granular layer (IV), internal pyramidal layer (V), 
and fusiform layer (VI) (Fig. 3). The common underlying feature 
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Germinal zone . oe 





Cortical plate 


Fig. 1.—Schematic drawing shows relationship of the germinal matrix 
in wall of lateral ventricle to the developing cortical plate. There is a one- 
to-one correspondence between the site of cell proliferation within the 
germinal zone and its eventual destination within the cortical plate. Cor- 
responding regions are connected by radial glial cells that span entire 
thickness of hemisphere. Neurons migrate along these radial cells, even- 
tually arriving at predestined locations on the enlarged, convoluted cortical 
surface. (Adapted from [4].) 







Leading 
process 


——— 


Radial fiber 





Trailing 
process 


Glial cell 
Germinal 
zone 


Fig. 2.—Illustration of relationship of migrating neurons to fibers of the 
radial glial cells. Migrating neuron is seen ascending the glial fiber (radial 
fiber) led by multiple pseudopodia. Any damage to radial glial fiber will 
presumably cause an arrest of cell migration at that point. (Adapted from 


[4].) 
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Fig. 3.—Cortical architecture in 
agyric (labeled lissencephaly) and 
pachygyric regions of brain as com- 
pared with normal cortical architecture. 
In agyric cortex there is a large cell- 
sparse layer (open arrow) that sepa- 
rates a disorganized cortex (outer cel- 
lular layer) from a thick layer of ectopic 
neurons located medially. Pachygyric 
cortex is more organized into normal 
cortical layers and cell-sparse layer 
(closed arrow) is thinner and populated 
by more cells. In general, there is a 
thinner layer of heterotopic neurons in 
the pachygyric cortex. (Adapted from 
[11].) 


LISSENCEPHALY 


of the migration anomalies is an abnormal location of neurons 
both within and outside of the cortex. In general the cortex is 
thickened by a large, disorganized layer of neurons whose 
migration has been prematurely halted. The subcortical layer 
of white matter is thinned because organization of the neu- 
rons, which subsequently stimulates axonal growth, has not 
occurred [1-4]. 

It was generally believed that migration anomalies were 
sporadic events that occurred secondary to environmental 
insults during the first two trimesters. There is now increasing 
evidence of a genetic transmission or at least a genetic 
susceptibility to many of these anomalies [5-10]. Thus, the 
expression of an insult (vascular, infectious, teratogenic, etc.) 
is influenced both by the stage of brain development and the 
underlying genetic susceptibility of the fetus. 


Agyria/Pachygyria (Lissencephaly) 


The term agyria refers to an absence of cortical gyri. In 
fact, most “agyric” brains have at least small areas of gyral 
formation [1, 2]. These areas of broad, flat, shallow gyri are 
referred to as areas of pachygyria. The term lissencephaly 
(“smooth brain”) is sometimes used as a synonym for agyria 
and at other times as a more general term encompassing the 
agyria/pachygyria complex. We shall use the term in the latter 
sense. 

Pathologically, both agyric and pachygyric regions of brain 
have a so-called four-layered cortex, composed of a molecular 
layer, an outer cellular layer, a cell-sparse layer, and an inner 
cellular layer. The cell-sparse zone is believed to be an area 
of laminar necrosis occurring secondary to metabolic insult of 
the brain during the period of neuronal migration. Neuronal 
migration through this region is thereafter impaired; moreover, 
degeneration occurs in neurons that have already migrated 
but have their axonal and dendritic connections interrupted 
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PACHYGY RIA NORMAL 


within the layer of necrosis [11]. The cortex remains thick 
because it encompasses the radial columns of migrating cells 
that are arrested in mid-migration. The subcortical white 
matter is thin because the organization phase during which 
axonal and dendritic connections are established is markedly 
diminished (Fig. 4). 

Dobyns and associates [9, 10, 12] have recently described 
this entity as a series of “syndromes with lissencephaly.” They 
describe three separate classes based on gross pathologic 
features that they attempt to correlate with specific clinical 
syndromes. The clinical and CT findings in these classes have 
been thoroughly discussed [9, 10, 12]. Van Allen and Clarren 
[13] and Alvarez et al. [14] have disputed these classifica- 
tions, demonstrating similar clinical manifestations in children 
whose brains had quite dissimilar gross morphology, although 
all the brains were within the lissencephaly spectrum. More- 
over, Alvarez has suggested that the clinical syndrome may 
be related more to cytoarchitectonic abnormalities of the 
brainstem than to cortical anomalies [14]. It is clear that the 
understanding of these anomalies is at a very early stage. 

In the case that we imaged, MR exquisitely demonstrated 
the abnormal cytoarchitecture. The normal ratio of gray to 
white matter is reversed (Fig. 5). Within the thickened cortex 
can be seen a circumferential band of high intensity on the 
T2-weighted images, which is thicker and more prominent in 
the parietooccipital region. This is believed to represent the 
cell-sparse layer that is Known to have diminished numbers 
of neurons and myelinated fibers and increased glial tissue 
(11, 15, 16], and presumably therefore it has an increased 
water content. The gray and white matter are otherwise of 
normal intensity. Coronal images show the temporal lobes to 
be less affected, as is commonly seen pathologically. In the 
sagittal plane, a small brainstem is seen, reflecting the lack of 
development of the corticospinal tracts. 

The pattern of brain involvement with the more severely 
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Fig. 4.—Lateral view (A) and coronal section 
(B) demonstrate characteristic features of liss- 
encephaly. There is pachygyria in frontal and 
temporal regions with an agyric cortex in poste- 
rior temporoparietal watershed area. This distri- 
bution suggests a vascular component in the 
etiology of the malformation. There is thickening 
of the cortex due to arrested neuronal migration 
with corresponding reduction of white matter. 
(Reprinted with permission from [2].) 





C 


Fig. 5.—Patient 1. A, SE 2000/35. Axial image demonstrates thickening of gray matter and thinning of white matter in this patient who has lissencephaly. 
There is pachygyria in frontal lobes with agyria in temporoparietooccipital region that suggests a vascular etiology as explained in the text. 
B, SE 2000/70. Axial image again demonstrates a thickened cortex. An irregular rim of high intensity in outer cortex (arrows) probably represents an 


area of laminar necrosis, the cell-sparse layer. 


C, SE 600/25. Sagittal image shows a thin corpus callosum and narrow brainstem. These are secondary to a lack of development of association and 


corticospinal tracts. 


affected (agyric) regions in the posterior parietal watershed 
area and the less severely affected pachygyric regions more 
frontally would seem to support the hypothesis by Stewart et 
al. [11] of a vascular component in the etiology of our partic- 
ular cases of lissencephaly. Stewart theorizes that the cell- 
sparse layer is a region of laminar necrosis impeding the 
migration of neuroblasts. In the watershed area, the ischemia 
and therefore the area of laminar necrosis is most severe, 
hence the barrier to migration is most severe. Indeed, we saw 
increased thickness of the cell-sparse layer in this region on 
MR. In view of this evidence and the strong evidence for 
genetic etiologic factors as well [7-10, 12], it is likely that a 
complex combination of genetic susceptibility and in utero 
insult is involved in the development of this entity. 


Polymicrogyria 


Polymicrogyria (PMG) is an anomaly characterized by ex- 
cessive cerebral convolutions, increased cortical thickness, 
and abnormal cortical histology. It is a relatively common 
malformation, reported in one study [17] in 5% of 500 con- 
secutive autopsies of patients that had mental deficiencies. It 
is frequently found at autopsy in patients with other congenital 
cerebral anomalies such as schizencephaly or the Chiari II 
malformation. The location is commonly in the insular area, 
invoking the possibility of a vascular etiology [18]. 

Histologically, one sees a four-layered cortex composed of 
a marginal layer, an outer cellular layer, a cell-sparse layer, 
and an inner cellular layer. The outer cellular layer is laminated 
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Fig. 6. —Superior view (A) and coronal section 
(B) demonstrate polymicrogyria in a patient who 
has unilateral megalencephaly. There are an in- 
creased number of closely set, miniature, shal- 
low gyri over the cortical surface. In some 
places, because of fusion of adjacent gyri, sulci 
are shallow or absent and cortical surface be- 
comes paradoxically smooth. 

B, Cut section reveals a thickened cortex with 
a flattened inner cortical border (arrowheads). 
Also notice marked overgrowth of left hemi- 
sphere with enlargement of ipsilateral lateral 
ventricle. These findings are characteristic of 
unilateral megalencephaly. (Courtesy of Dr. 
Richard Davis, Neuropathology Section, Univer- 
sity of California, San Francisco.) 


Fig. 7.—Patient 3. A, SE 2000/35 and B, SE 
2000/70. Axial images reveal thickening of right 
posterior frontal cortex (arrows). No gyri are 
seen in this region; instead, there is a paradoxi- 
cally smooth cortex as was seen in all cases of 
polymicrogyria. Normal fingerlike extensions of 
white matter (compare the left side) are absent. 


with sublayers corresponding to and contiguous with layers 
Il, III, and IV of the normal cortex, while the inner cellular layer 
is contiguous with and architecturally similar to layer VI. It is 
uncertain whether the insult causing the laminar necrosis of 
layer V occurs during or after the completion of cell migration 
[18, 19]. In either event, the resulting gross pathologic picture 
is of multiple small, shallow convolutions on the brain surface. 
In the topographic center of the lesion, the convolutional 
folding of the deep cortical layers are often so exaggerated 
that the surface of the brain becomes paradoxically smooth 


[18] (Fig. 6). 
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CT findings of PMG have not been described, possibly 
because the overlying calvarium causes beam hardening that 
makes detailed evaluation of the cortex difficult. Moreover, 
pathologic proof is difficult to obtain and the CT appearance 
is not so distinctive as, for example, schizencephaly, to allow 
confident diagnosis on the CT findings alone. In our cases, 
although not pathologically proved, we saw many of the gross 
pathologic characteristics of PMG (Fig. 7), which included a 
thickening of the cortex with absence of detectable gyri within 
the region. Moreover, the underlying white matter appeared 
somewhat diminished, and we saw characteristic involvement 
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of the opercular region [18]. The fact that no zone of long T2 
is seen corresponding to a cell-sparse layer may be explained 
by the fact that this layer is smaller and less “sparse” in PMG 
than in the agyric cortex; more neurons and axons are pres- 
ent, and therefore little change in signal intensity would be 
expected. 

In three of our cases, the PMG was associated with schiz- 
encephaly. In these patients, PMG was manifested as areas 
of abnormal gyri and thickened cortex lining the hemispheric 
clefts and in the cortex immediately adjacent to the clefts. In 
two patients, the PMG was isolated; the posterior frontal 
region was involved in one and the posterior temporal region 
in the other. 


Schizencephaly 


The term schizencephaly was introduced by Yakovlev and 
Wadsworth [20, 21] in 1946 to describe bilateral, nearly 
symmetrical, full-thickness clefts within the cerebral hemi- 
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Fig. 8.—Schizencephaly. A, Holohemispheric 
cleft can be seen in left cerebral hemisphere. 
Cleft has choroid plexus in its floor (closed ar- 
row) and ependyma lining the wall (arrowhead). 
There is surrounding polymicrogyria (open ar- 
row). 

B, Coronal sections show bilateral clefts lined 
by gray matter. Septum pellucidum is absent. 
(Reprinted with permission from [2].) 


Fig. 9.—Patient 8. A, Coronal SE 600/20 and 
B, axial SE 2000/35 images reveal a large uni- 
lateral holohemispheric cleft lined by cortex. 
Cortex is thickened along cleft (arrowheads) and 
adjacent gyri are abnormal (small arrow). Ec- 
topic gray matter lines frontal horn (/arge arrow). 
This patient was 17 years old when scanned, 
presenting with mild developmental delay and 
seizures. 


spheres. Pathologically, these clefts are characterized by an 
infolding of cortical gray matter along the cleft (Fig. 8) with a 
fusion of the pial lining of the brain and the ependyma of the 
ventricle forming a characteristic “pial-ependymal seam.” 
Moreover, gray matter heterotopias and areas of polymicro- 
gyria are found within and near the cleft. The lips of the 
defects may be separated or fused. 

The most widely accepted theory for the pathogenesis of 
this anomaly is that a segmental failure occurs in the formation 
of a portion of the germinal matrix or in the migration of the 
primitive neuroblasts contained therein [20, 22, 23]. Alterna- 
tive theories include (1) destruction of the previously formed 
hemisphere sometime before the sixth gestational month [24] 
and (2) a spectrum of encephaloclastic disorders, ranging 
from hydranencephaly to porencephaly to schizencephaly 
[25-27]. 

Clinically, the patients demonstrate a broad range of neu- 
rologic disability that may be related to the amount of brain 
tissue involved [23, 28]. Clinical features include microce- 
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Fig. 10.—Patient 6. A, Coronal SE 1500/40, B, sagittal SE 500/30, and 
C, axial SE 2000/30 images demonstrate bilateral, cortex-lined holohemi- 
spheric clefts (white arrowheads) diagnostic of schizencephaly. Cortex is 
thickened within clefts (A, black arrowheads), compatible with polymicro- 
gyria that is usually seen within and near the clefts pathologically. Septum 


Fig. 11.—Patient 9. A, Coronal SE 600/25 and 
B, axial SE 2000/35-70. There is marked over- 
growth of left hemisphere with shift of interhem- 
ispheric fissure, falx, and superior sagittal sinus 
to the right. Cortex is markedly thickened (arrow- 
heads). White matter is of abnormally low inten- 
sity on T1-weighted image (A) and high intensity 
on T2-weighted image (B), suggesting de- 
creased myelination and increased water con- 
tent. B shows enlargement of ipsilateral lateral 
ventricle, characteristic of this anomaly. 


phaly, retardation, abnormal motor function, and seizures. 
Miller et al. [23] report three patients with schizencephaly 
who have survived into their twenties and thirties, demonstrat- 
ing only mild neurologic deficits. Both of our patients with 
unilateral clefts presented near the end of their second decade 
with mild clinical symptoms, one with seizures and the other 
with seizures and mild retardation, further supporting this 
observation. Both patients with bilateral clefts presented in 
their first year of life with severe developmental delay and 
seizures. 

Our cases of schizencephaly have in common holohemi- 
spheric clefts in the region of the pre- and postcentral gyri, 
which are characteristic of both the pathologic and CT ap- 
pearance of this entity. Moreover, the finding of continuity of 
the gray matter from the cortex through the cleft to the 
subependymal region of the lateral ventricle is clearly shown 
(Fig. 9). The abnormal gyral pattern surrounding the clefts is 
consistent with the known pathologic finding of PMG in this 
region [21]. These findings are crucial in differentiating schiz- 
encephaly from porencephaly and other destructive anoma- 
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C 


pellucidum is absent, a frequent finding in schizencephaly. Significantly, 
the narrow, horizontally oriented clefts are not seen on axial image (C). 
These images emphasize that imaging in at least two planes is necessary 
for proper evaluation of congenital anomalies. 





lies. This differentiation is of practical importance in terms of 
genetic counseling, since when a child has a disorder of cell 
migration 5-20% of subsequent siblings may have brain 
anomalies [9, 10, 23]. Although there continues to be debate 
in the literature as to the existence of unilateral schiz- 
encephaly [26], our cases clearly show continuity of the gray 
matter through the cleft into the ventricle. The fact that 
Yakovlev’s initial description included only bilateral cases, 
therefore, does not exclude unilateral cases from the category 
but most probably reflects the small size of his original sample. 
Perhaps the relatively mild symptomatology of the unilateral 
variant has kept most of these cases from the pathologist's 
table. If these clefts are indeed due to focal destruction of the 
germinal matrix, unilateral clefts should be as common or 
more common than bilateral clefts, and the multiplanar imag- 
ing capability and gray/white contrast resolution of MR should 
allow more unilateral clefts to be found. 

The fact that the narrow clefts are identified in only one 
imaging plane and missed in another is important. These 
lesions will be overlooked in a significant number of cases if 
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imaging is performed in only one plane. In our patient who 
had bilateral narrow clefts with a horizontal orientation, the 
abnormality would have been missed entirely or misdiagnosed 
had the coronal sequences not been obtained (Fig. 10). 
Similarly, the vertically oriented narrow clefts in the left hem- 
ispheres of our first and fourth patients would have been 
missed had only coronal images been obtained. We believe 
that imaging of the pediatric patient with early onset of 
seizures and developmental delay should be performed using 
5-mm slice thickness in at least two planes in order to avert 
such mistakes. 


Unilateral Megalencephaly 


Unilateral megalencephaly is a rare anomaly of the brain 
characterized by the early onset of intractable seizures, hem- 
iplegia, and severe developmental delay. There is marked 
overgrowth of part or all of a cerebral hemisphere with defects 
in cell migration in the affected areas. The severity ranges 
from mild lobar enlargement to marked enlargement and 
architectural distortion of the entire cerebral and cerebellar 
hemispheres and the ipsilateral brainstem. This anomaly is 
not associated with corporal hemihypertrophy [29, 30]. 

Pathologically, severe cases of this anomaly demonstrate 
areas of lissencephaly and polymicrogyria with a thickened 
cortex and disorganization of cortical layers without alignment 
into distinct laminae. Ectopic gray matter is scattered through- 
out the hemisphere. Mild cases are more focal, often roughly 
lobar in distribution. Sulcal enlargement is seen and there are 
foci of PMG (see Fig. 6). Microscopically, in mild cases the 
architectural distortion of the cortex is less severe and the 
deeper cortical layers are more severely affected [31]. 

The MR findings in this anomaly are quite characteristic 
(Fig. 11). Although enlargement of all or part of a hemisphere 
can be seen associated with corporal hemihypertrophy or a 
hemispheric mass lesion, only unilateral megalencephaly is 
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Fig. 12.—Patient 11. Axial SE 2000/30-60 im- 
ages reveal foci that are isointense with gray 
matter lying within centrum semiovale. This is 
characteristic of ectopic gray matter—collec- 
tions of neurons that have been arrested during 
migration through the cortex. 


associated with a distorted, thickened cortex and ipsilateral 
ventricular dilation. The long T1 and long T2 of the ipsilateral 
centrum semiovale have been noted to correlate with the low 
density seen in this region on CT, probably representing 
decreased myelination and increased water content as com- 
pared with normal white matter. The perimeter of high-signal 
intensity in the deep cortex on the T2-weighted images in our 
first case corresponds with a similar rim of high intensity in 
our case of lissencephaly, which represents, we believe, 
gliosis in the cell-sparse layer. Our second case of unilateral 
megalencephaly, which was less severe and more localized 
to the temporal lobe, did not show this perimeter of high 
intensity, perhaps reflecting a less severe anomaly of migra- 
tion, as in our case of PMG. Moreover, the less extensive 
case showed less cortical thickening, a more distinct corti- 
comedullary junction, and more distinct foci of heterotopic 
gray matter in the centrum semiovale. 

The recommended therapy for unilateral megalencephaly is 
surgical resection of the involved lobe or hemisphere [32]. 
The increased sensitivity of MR in localizing the involved 
segments should prove quite valuable for surgical planning 
so that as much viable brain as possible can be preserved. 


Heterotopic Gray Matter 


Heterotopic gray matter consists of collections of neurons 
in abnormal locations, which are thought to result from arrest 
of radial migration of the neuroblasts. Although it is not 
uncommon to see ectopic single neurons in newborn infants, 
these aberrations usually disappear within the first few 
months of life either by regression or by completion of their 
migration, and they are not considered true heterotopias. 
True heterotopic nodules vary widely in size and location, 
appearing anywhere from the subependymal zone to the 
cortex [1]. They may be isolated anomalies or may be asso- 
ciated with other CNS derangements such as the Chiari II 
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malformation or PMG. The major clinical symptom is seizures. 
The key to recognizing heterotopias is in the use of imaging 
sequences in which the signal intensity of gray matter is 
distinct from that of white matter, and section thickness is 5 
mm to minimize partial-volume effects. With these parame- 
ters, even small heterotopias are easily recognized as foci 
isointense with gray matter but positioned in the corona 
radiata or subependymal region (Fig. 12). They are much 
more readily identified on MR than on CT. The increased 
sensitivity with MR should enable us to arrive at improved 
clinical correlation with clinical defects and heterotopias. 


Summary 


The anomalies of cell migration are readily identified with 
MR, which is in general more sensitive and more specific than 
CT. Recognition depends on awareness of the characteristic 
appearance of the entities and use of the proper imaging 
technique. Images should be obtained in at least two planes, 
using a 5-mm slice thickness and both T1- and T2-weighted 
imaging sequences. The degree to which migration has been 
impaired is related to the thickness of the cell-sparse layer, 
which may be visualized on T2-weighted images. Recognition 
is important for planning proper treatment and for genetic 
counseling. 
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The Radiologic Clinics of North America. Imaging in Ophthalmology, Part Il. Guest editor: Mahmood F. Mafee. 
Philadelphia: Saunders, July 1987; 25:667-865. $22.95; by subscription, 6 issues annually for $85 


“Tomography of the Orbit,” “Orbital Venography,” “Ocular Foreign 
Body Localization,” and “Plain View of the Orbits” were some of the 
articles in the April 1982 issue of The Radiologic Clinics of North 
America, a volume that addressed radiology of the orbit. Comparison 
of that text with the July 1987 issue shows dramatically the rapid 
and revolutionary changes that have developed in radiology during 
the past 15 years. The only shared topics of discussion are dacry- 
ocystography and orbital surgery. 

An examination of Part Il markes it easy to understand why two 
parts are necessary to cover orbital imaging. Part Il is not just a 
general overview of imaging and ophthalmology in 1987; rather, it 
includes many specific topics and will serve as an excellent resource 
for those who are interested in visualizing the orbital contents and 
parasellar area. These entities, poorly discussed in previous texts 
that addressed the orbit, are covered thoroughly in this volume. This 
is not simply a collection of images; it has more text than pictures. 
For example, an entire chapter, albeit a short one, on persistent 
hyperplastic primary vitreous discusses the embryology and pathol- 
ogy of this ocular abnormality. This chapter is followed by a discussion 
of colobomas of the optic nerve and the morning glory anomaly. A 
section on CT of ocular motility disorders is included also, as is a 
discussion of disease entities involving the lacrimal gland and lacrimal 
fossa. 

Mahmood F. Mafee is the editor of this issue, and special note 
should be taken of the extensive contributions he has made to the 


articles. He is author or coauthor of approximately half of the con- 
tents, and these bear his stamp of excellence. Many of these chapters 
are drawn from his previous publications, but the material has been 
expanded and updated. 

The quality of the images is maintained at a high level throughout 
this volume, with rare exceptions. Images usually have appropriate 
arrows and excellent legends. | was pleased by the amount of 
associated clinical information that accompanies case examples. | 
also enjoyed chapters written from a neurologic and neurosurgical 
point of view that discuss the role of imaging in neuroophthalmology 
and the neurosurgeon’s perspective on the approach to parasellar 
and optic nerve lesions. 

Overall, this excellent text offers information that would appeal to 
a broad spectrum of the radiologic community. For those who do not 
subscribe to The Radiologic Clinics of North America, the May and 
July 1987 issues are worth purchasing separately; they certainly will 
be referred to many times. | urge residents and junior attending 
physicians who have received this publication to refer to the April 
1972 issue for an interesting contrast. 


Charles M. Citrin 
Washington Imaging Center 
Chevy Chase, MD 20815 
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Cerebral Necrosis After 
Radiotherapy and/or Intraarterial 
Chemotherapy for Brain Tumors: 


PET and Neuropathologic Studies 





Cerebral necrosis after radiotherapy for brain tumors is being recognized as a problem 
more common than previously estimated. Distinction between this iatrogenic complica- 
tion and tumor recurrence cannot be made by either CT or MR imaging. By using positron 
emission tomography (PET) with “F-deoxyglucose (FDG) we were able to reach a 
diagnosis of radiation necrosis, later verified, in 10 of 95 patients referred for the 
purpose of differentiating tumor recurrence from necrosis. The critical PET-FDG feature 
was focal hypometabolism in the area of necrosis, which contrasted with the hyperme- 
tabolism associated with the residual/recurrent tumor. 

In addition, four cases of cerebral necrosis after supraophthalmic, intraarterial chemo- 
therapy (BCNU) were studied with the PET-FDG method. The area of chemotherapy 
damage was also characterized by marked hypometabolism. Histology revealed both 
similarities and differences between radio- and chemonecrosis. 


Radiotherapy and, to a lesser degree, chemotherapy are useful, or relatively 
useful, treatment tools for malignant primary brain tumors [1]. In both therapeutic 
methods, selective, high-dosage delivery to the tumoral tissue is the obvious 
strategy for enhancing their efficacy. However, attempts at improving the survival 
results by “selectivity-enhancing” variations and adjunctions to the conventional 
radiotherapy and by superselective intracarotid chemotherapy have not been 
successful [2, 3]. The main limitation is damage to the normal cerebral tissue, a 
complication still poorly understood despite extensive research efforts reflected in 
an enormous, almost unmanageable literature. Unresolved remain critical issues 
such as dosimetry threshold and chronologic development of this iatrogenic lesion, 
as well as the additive or potentiating effects of radio- and chemotherapy on each 
other [4, 5]. 

A fundamental hindrance to a better knowledge of the brain lesions that may 
follow radio- and/or chemotherapy is the lack of a readily available method to 
diagnose and follow these complications. For instance, CT [6] and MR imaging [7] 
have proved essentially useless for differentiating between radiation necrosis and 
recurrent or residual brain tumor. Even neuropathologic examinations of biopsy 
material may be inconclusive, with limited sampling being the main diagnostic 
difficulty. In addition, neuropathology provides only static information and is not 
suitable for sequential assessment. Only positron emission tomography (PET) with 
'8F-deoxyglucose (FDG) offers reliable pathophysiologic and diagnostic data in this 
area [8-11]. Such PET-FDG technology is not, however, available to most practi- 
tioners, or even to many investigators involved in the management of patients with 
brain tumors. In this report we present our results with PET-FDG in cases of 
cerebral necrosis after radiation and/or intraarterial chemotherapy. It is hoped that 
the proffered evidence will convince more investigators to adopt and use this 
valuable research and diagnostic technique. Wider use of PET-FDG is imperative 
if we wish to reach a more complete understanding of the serious complications 
related to our therapeutic efforts. 
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Materials and Methods 
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The PET studies were carried out with the Neuro-PET [12], a 
scanner with a full width at half maximum resolution of 6.5 mm (slice 
thickness, 1.1 cm; pixel size, 2 mm). The patient data are summarized 
in Tables 1 and 2. The studies include 10 cases of radiation-induced 
cerebral necrosis (cases 1-10, Table 1), with eight patients treated 


TABLE 1: Summary of Patients with Postradiation Necrosis 


Ee 


Case 
No. 


> WwW N 


9 


10 








a Radiation 
Original Diagnosis/ 
Age Gender Original Surgery Therapy 
(Gy) 
M 43 Bifrontal glioblastoma multi- E: 63 
forme/yes 
M 35 R frontal astrocytoma anaplas- E: 57.6 
tic features 
M 39 R frontal atypical oligodendro- E: 57.6 
glioma/yes 
M 70 L temporoparietal glioblastoma E: 45 
multiforme/yes I: 120 
F 40 R frontoparietal astrocytoma E: 40 
anaplastic features/yes l: 200 
F 3 R parietal metastases/yes E O12 
F 20 R frontal and temporoparietal E: 58 
metastases/yes 
68 L frontal, R parietal metas- E: 45 
tases/no 
47 Bifrontal presumptive glioma/ E: 60 
no 
F 10 Diffuse central nervous system E: 48 


leukemia/no 
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by conventional radiotherapy and two with a combination of conven- 
tional and interstitial radiotherapy. No chemotherapy was used before 
the PET-FDG study in five of these cases, whereas various types of 
adjunctive chemotherapy with both IV and intrathecal drug adminis- 
tration were given to the other five patients. In five of the 10 patients, 
the tumor diagnosis was glioma, while in three cases the neoplasm 
was metastatic (thyroid carcinoma, Ewing sarcoma, malignant mela- 


IV/Intrathecal (IT) 
Chemotherapy 


IV: spiromustine, 
AZQ 
IV: vincristine 


Not administered 

Not administered 

Not administered 

Not administered 

IV: vincristine, 
adriamycin, 
cytoxan; 

IT: methotrexate, 
ArA C 

IV: CCNU 

IV:CCNU 


IT: methotrexate 
IV: ArA C 


Time from 
RT to Survival 
CT MR PET (months) 
(months) 
+ < 48 After RT: 72° 
After PET: 24 
+ NP 30 Lost to follow-up 
+ NP 67 After RT: 78 
After PET: 11 
+ NP 10 After RT: 11 
After PET: 1 
+ NP 14 After RT: 26 
After PET: 12 
+ NP 12 After RT: 60° 
After PET: 48 
+ + 12 After RT: 57 
After PET: 45 
+ NP 48 After RT: 108 
4 NP 48 After RT: 84 
After PET: 36 
4 = 72 After RT: 73 
After PET: 1 


Note.—In all patients, PET findings were cold, and the post-PET pathologic diagnosis was necrosis. RT = radiation therapy; PET = positron emission 
tomography; R = right; L = left; E = external beam; | = intrathecal; + = positive; NP = not performed. 


* This patient died. 


TABLE 2: Summary of Patients with Postchemotherapy Necrosis 


™ sess: 


Case 


Nes. Age Gender 


11 


12 


13 


14 


44 F 
16 ™M 
34 F 
17 F 


Original 
Diagnosis/ 
Original Surgery 


L temporoparietal 
glioblastoma 
multiforme/yes 

L temporoparietal 
glioblastoma 
multiforme/yes 


R parietal glio- 
blastoma multi- 
forme/yes 


L temporoparietal 
glioblastoma 
multiforme/yes 


Time 
Radiation Intraarterial Other PET from 
Therapy BCNU (No. of Chemo- CT MR Airani BCNU 
(Gy) Courses) therapy ppe to PET 
(months) 
No 220-325 mg No + NP Cold 2 
(two) 
No 80 mg (two) IVCCNU + + Mixed 25 
50 220 mg (four) No + + Cold 23 
60 402 mg (four) No a Mixed 6 


Post-PET 
Pathologic 
Diagnosis 


Necrosis 


Necrosis + glio- 
blastoma multi- 
forme 


Necrosis 


Necrosis, pre- 
sumed residual 
glioma 


Survival 
(months) 


After BCNU: 
5s 

After PET: 3 

After BCNU: 
15° 

After PET: 
12.5 

After BCNU: 
42 

After PET: 
19 

After BCNU: 
44 

After PET: 
38 


Note.—PET = positron emission tomography; BCNU = 1,3-bis 2-chloroethyl-1-nitrosourea; L = left; R = right; + = positive; NP = not performed. 


* This patient died. 
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noma). In one patient, glioma had been suspected and had been 
treated without histologic confirmation, and in one case radiation and 
intrathecal chemotherapy had been instituted for CNS leukemia. 

Of some interest is the fact that the 10 cases of postradiation 
necrosis were recognized in a population of 95 patients referred for 
a PET-FDG study to differentiate tumor recurrence from necrosis. In 
the remaining 85 cases, PET-FDG supported the diagnosis of tumor 
(hypermetabolic focus) and was later verified at surgery and/or au- 
topsy. 

Table 2 includes four patients (cases 11-14, all gliomas) studied 
by PET-FDG after treatment by supraophthalmic, intracarotid infusion 
of BCNU (1, 3-bis 2-chloroethyl-1-nitrosourea) alone (two cases), or 
BCNU before (one case) or after (one case) radiotherapy. While no 
residual or recurrent tumor was encountered in the 10 cases of 
postradiation necrosis listed in Table 1, two of the four cases of 
necrosis after intraarterial chemotherapy showed residual tumor (Ta- 
ble 2). In these two patients, the location of the tumor was quite 
distinct from the areas of necrosis, perhaps reflecting the selectivity 
of BCNU delivery caused by drug streaming [13, 14]. CT with IV 
administration of contrast medium was carried out in all of the 14 
cases, and MR imaging was performed in six patients. The MR 
studies did not include administration of Gd-DTPA or other enhancing 
media. Post-PET neuropathologic verification of necrosis was ob- 
tained in all 14 patients, by biopsy in 12 cases and by autopsy in 
two. In the two cases with residual tumor (Table 2), biopsy verification 
of the neoplasm was obtained in one. 


Fig. 1.—Case 1: radiation necrosis. 

A and B, Postcontrast axial CT scans show 
marked, bifrontal enhancement surrounded by hy- 
podense halo. Lesion is larger on left. 

C, MR image (TR = 2500 msec, TE = 120 msec). 
Mixed-intensity signal from area corresponding to 
CT enhancement and high-intensity signal from 
surrounding edema. 

D, PET-FDG image at corresponding level. 
Marked nypometabolism in both prefrontal areas, 
larger on left. Note selective sparing of interhemi- 
spheric gray matter, which is displaced toward 
right. Color scale indicates range of metabolic 
values (in mg glucose/100 g/min). (On PET scan 
only, right side of patient is on right side of image. 
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Finally, in two patients who are not included in Tables 1 and 2, 
both extensive radiation necrosis and residual and/or recurrent glioma 
were present. These two patients, in whom tumor as well as necrosis 
were verified at surgery, are discussed to demonstrate how PET- 
FDG allows us to recognize discrete tumoral foci within vast areas of 
necrosis. 


All available pathologic material was reviewed by a neuropatholo- 
gist. The malignant glial tumors were classified according to the 
scheme described by Burger and Vogel [15], as opposed to the 
Kernohan system. 


Results 


In PET-FDG studies, regions of cerebral necrosis are char- 
acterized by a reduced glucose utilization rate (Fig. 1). The 
metabolic values (mg glucose/100 g/min) of the necrotic areas 
are expressed in FDG activity ratios, comparing uptake in the 
suspected necrotic areas with activity in an adjacent region 
and in a corresponding region in the opposite hemisphere 
when no bilateral extension is evident (Table 3). 

The FDG activity ratios of the necrotic areas were consist- 
ently low (Table 3), with mean ratios of 0.54 (postradiation) 
and 0.34 (postchemotherapy), and individual ratios as low as 
0.28 (postradiation) and zero (postchemotherapy). In contrast, 
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TABLE 3: “F-Deoxyglucose Positron Emission Tomographic 
Metabolic Values in Postradiation and Postchemotherapy 
Necrotic Lesions 


SS SS E ne SETS AME ST poe eS ee 
Ratio of Lesion to: 


Group: Case No. Corresponding, 
Paa Contralateral 
Region 
Postradiation necrosis: 
1 0.47 0.78 
2 0.70 0.68 
3 0.50 0.67 
4 0.64 0.62 
5 0.28 0.18 
6 0.64 0.65 
ri 0.42 0.40 
8 0.66 0.53 
9 0.54 0.50 
10 0.52 0.49 
Mean value 0.54 0.55 
Postchemotherapy necrosis: 
11 0.61 0.52 
12 0? 0 
13 0.50 0.34 
14 0.26° 0.19 
Mean value 0.34 0.26 


SE ES SE PS BEE TRS PERE SPS SS 


* The low values in the necrotic areas contrast with the high ratios (tumor/ 
nontumoral areas) of the residual recurrent neoplasms (ratio of 2.50 for case 
12 and 2.84 for case 14). 


the ratios of the two residual, recurrent tumors (cases 12 and 
14) compared with nontumoral (but not necrotic or obviously 
edematous) areas were high, 2.50 and 2.84, respectively. 

As indicated, in some necrotic areas the metabolic activity 
was reduced to zero (Fig. 2), reflecting total tissue destruc- 
tion. In some cases, hypometabolism in necrotic areas could 
not be differentiated from reduced glucose consumption con- 
nected with edematous infiltration, although it appeared that 
metabolism was somewhat higher in edematous than in ne- 
crotic brain. On PET-FDG scans of the postradiation cases, 
the necrosis was mostly confined to the white matter with 
sparing of the gray matter (Fig. 1). This pattern, characteristic 
of radiation necrosis [2, 6, 16], was confirmed at autopsy. 
Deep gray matter was involved, however, in cases of postin- 
traarterial chemotherapy necrosis. This may have been 
caused by streaming of the BCNU from the middle cerebral 
into the lenticulostriate arteries, leading to a selective chem- 
oconcentration and consequent selective damage to the basal 
ganglia. 

In two of our cases with brain injury after selective intraar- 
terial chemotherapy, the limits of the total necrosis are clearly 
outlined in a background of hemispheric hypometabolism. 
The area most profoundly affected obviously corresponds to 
the distribution territory of known perforating arteries (Fig. 2). 
In other cases, only the diffuse hypometabolic changes in- 
volving the entire BCNU-injected hemisphere are demon- 
Strated, without evidence of focality. To explain the diffuse 
hemispheric hypometabolism, one might invoke, as a causa- 
tive factor, drug streaming in the distal arterial tree causing 
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widely distributed, discrete areas of tissue damage [14]. 
These multifocal, scattered areas of injury will appear on the 
relatively low-resolution PET images as confluent, homoge- 
neous regions of hypometabolism. Another explanation for 
the widespread hypometabolism of the affected hemisphere 
may be deafferentation. This phenomenon, which is related 
to damage of deep structures connected by centrifugal path- 
ways with the cortex [17], may also explain the so-called 
crossed cerebellar diaschisis (Fig. 3). This is characterized by 
marked hypometabolism in the cerebellar hemisphere contra- 
lateral to the cerebral hemisphere where the primary lesion is 
located, and may be related either to the original tumor or to 
the posttherapeutic necrotic lesion [18]. Bilateral, postradia- 
tion lesions are often asymmetric (Fig. 4), reflecting the radia- 
tion field distribution. 

Again and again, in these patients, CT was inadequate to 
differentiate tumoral from necrotic areas (Figs. 1, 2, and 4). In 
this respect, we found the MR studies even less informative 
than CT (Figs. 1 and 2). 

Our cases of postradiation necrosis were recognizec 10- 
72 months (mean, 33.1) after the termination of the irradiation. 
This is in agreement with many previous reports [2, 6, 19, 
20]. On the other hand, cerebral necrosis after intraarterial 
chemotherapy occurred much earlier, at 2-23 months (mean, 
8.4 months). This may be because of the concentrated man- 
ner of chemotherapeutic administration, which contrasts with 
the usually fractionated delivery of irradiation over time. 

Histopathologically, chemotherapy-induced necrosis re- 
sembles the more familiar postradiation tissue damage, with 
white-matter demyelination, focal coagulation necrosis, reac- 
tive gliosis, petechial hemorrhages, and prominent vasculo- 
pathic changes. The latter involve particularly small arteries 
and arterioles and include thickened walls, endothelial prolif- 
eration, fibrinoid necrosis, and occlusion alternating with irreg- 
ular dilatation of the vascular lumen [21]. Notably absent, 
however, in the postchemotherapy vasculopathy are media 
and adventitial hyalinization and thin-walled teleangiectasias, 
two changes rather characteristic of the postradiation patho- 
logic syndrome. In the absence of clinical information, these 
angiopathic differences are the only features that may assist 
the neuropathologist in the difficult differential diagnosis be- 
tween chemotherapy and radiation damage. Finally, the gray 
matter is affected more often in the chemotherapy lesions 
than in the radiation damage. This gray matter involvement, 
however, is partly factitious, related to the selective distribu- 
tion of the chemotherapeutic compound. In Figures 5 and 6, 
representative histopathologic patterns of postradiation and 
postchemotherapy necrosis are illustrated. 


Discussion 


Suppressed glucose utilization is one of the metabolic 
alterations that occur after radiation [22, 23]. In a previous 
study [24], we used the '*C-deoxyglucose autoradiographic 
method to learn whether radiation administered to rat brain, 
in a dose below that known to result in any histologic change, 
may nevertheless affect the brain’s local rates of glucose 
utilization. Measurements were made 4 days and 4 weeks 
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Fig. 2.—Case 12: glioblastoma plus chemother- 
apy-induced necrosis. 

A, Postcontrast axial CT scan shows enhancing, 
superficial, left parietal glioblastoma. 

B, Lower level. Markedly hypodense area, 
sharply outlined by enhancing rim, is seen in left 
caudate and lenticular nuclei region. This area 
corresponds to total necrosis caused by intraar- 
terial chemotherapy. 

C, 0.5-T MR scan (TR = 2000 msec, TE = 40 
msec) through approximate level of B shows in- 
tense signal in tumoral as well as necrotic areas. 

D, PET-FDG scan at approximate level of B and 
C. Tumor is markedly hypermetabolic (red, yellow) 
contrasting with ametabolic necrotic center (black) 
and hypometabolic hemispheric background 
(green, blue). (On PET scan only, right side of 
patient is on right side of image.) 

E, Histology of tumor obtained by stereotactic 
biopsy reveals glioblastoma. 

F, Histology of stereotactic biopsy specimen 
shows necrotic white matter. 
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after exposure of groups of rats to 15 Gy. Rates of glucose 
utilization in gray- and white-matter structures in both groups 
were compared with rates in sham-irradiated controls. Statis- 
tically significant, lower rates were found in 16 structures 4 
days after radiation and in 25 structures 4 weeks after radia- 
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tion exposure. A weighted average rate for the brain as a 
whole was 15% below that of the controls for both irradiated 
groups. In Figure 7, representative ‘*C-deoxyglucose auto- 
radiographic sections of a control brain and of 4-day and 4- 
week-postradiation rat brains are illustrated. 
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Early on in our PET-FDG study of brain tumors we realized 
that radiation was associated with depressed glucose utili- 
zation of the cerebrum as well as of the tumors. We learned 
to avoid obtaining PET-FDG scans during and soon after 
radiotherapy in order not to be misled by spuriously low values 
in the tumoral areas. We also demonstrated that PET-FDG 
could be used to advantage to differentiate between tumor 
recurrence from radiation necrosis [8-10]. These findings 
have been confirmed by other investigators [11]. This report 
includes our more recent experience with PET-FDG in postra- 
diation necrosis as well as our studies in postintraarterial 





Fig. 3.—Case 13: chemotherapy-induced necrosis. PET-FDG scans 
show diffuse hypometabolism of entire right cerebral hemisphere (green, 
blue). Note that cortex of right cerebellar hemisphere is normometabolic 
(yellow), while left cerebellum is hypometabolic (scans 35 and 24); this 
phenomenon is referred to as “crossed cerebellar diaschisis.” (Right side 
of patient is on right side of image.) 
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chemotherapy necrosis. We emphasize that CT and MR 
scans are essentially useless in the differentiation of tumor vs 
necrosis. Also, we stress that we have not yet been con- 
fronted with a false-positive or a false-negative PET-FDG 
diagnosis of radiation necrosis. For instance, even when the 
necrotic changes are overwhelmingly extensive, as in two 
patients in our series, if a tumoral focus is present, the PET- 
FDG method will recognize it (Fig. 8). Obviously, diffuse 
cellular infiltration (paucicellular tumoral spread) may well be 
beyond the resolving capability of the PET-FDG method. 

The dual evidence that radiation affects glucose metabolism 
and that PET-FDG measures the cerebral glucose metabolic 
rates and its variations makes this method ideally suited to 
detect, study, and follow up cerebral radiation damage. In 
fact, considering the essentially unanimous consensus that 
neither CT nor MR allows us to reach a diagnosis of radiation 
necrosis, it is obvious that PET-FDG is one of the few re- 
search/diagnostic tools for advancing our knowledge of this 
iatrogenic complication. Although the amount of information 
on postchemotherapy necrosis is scanty, we may argue in 
favor of adopting the PET-FDG technique also for evaluation 
of this other treatment-related lesion. The similarities between 
postradiation and postchemotherapy necrosis are probably 
not surprising [21, 25]. Necrosis, after all, represents a final 
and common stage for a variety of pathologic processes. The 
differences in the damage by the two treatment methods 
perhaps depend on the usually different chronology of the 
therapeutic regimens, intraarterial therapy being delivered in 
a shorter time span than radiation is. 

In conclusion, PET-FDG is the best diagnostic test currently 
available for the recognition of cerebral necrosis after radiation 
and/or chemotherapy and for differentiating necrosis from 
residual/recurrent tumor. The heuristic importance of the PET- 
FDG method cannot be overemphasized. The possibility of 
frequent follow-up studies may allow us to reach a better 
understanding of the threshold for permanent damage, as 
well as to sequentially assess the development of necrosis. 


Fig. 4.—Case 8: radiation necrosis. 

A, Postcontrast axial CT scan shows diffuse 
changes in both prefrontal areas. 

B, PET-FDG scan. Profound hypometabolism in 
areas Corresponding to CT enhancement. Necrotic 
lesion is larger on left, reflecting radiation field 
distribution. 


AJR:150, January 1988 


— >” gyre re — 
roe 7 bee "d n $ 
- A 5 - R EA (2) a á 
à N . iii 
th g W A. r oi é 


PET OF RADIATION/CHEMOTHERAPY NECROSIS 


Fig. 5.—Case 7: radiation necrosis. 

A, Thick-walled blood vessels and prominent reactive astrocytes. 
B, Fibrinoid necrosis of vessel walls (frozen section). 

C, Hyalinized blood vessels adjacent to area of necrosis. 





Fig. 6.—Case 14: Chemotherapy necrosis. Note necrotizing vasculitis 
with transmural inflammation and thrombosis. 
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Fig. 7.—“C-deoxyglucose autoradiographs from rat brains (control and nucleus; M PREOP = medial preoptic area; L THAL = lateral thalamic 
4 days and 4 weeks after irradiation). Bar at right indicates range of rates nucleus; DM = dorsomedial nucleus; VM = ventromedial nucleus. Even 
of glucose utilization (umol/100 g/min) spanned by each color. Each of the visually, cerebral metabolic rates in irradiated rats is reduced compared 
autoradiographs shows three structures displaying rates significantly re- with controls, particularly at 4 weeks after radiation (less red and light 
duced after irradiation, as compared with those structures in controls. CC yellow, more greenish hue). (Right side of rat is on right side of image.) 
= corpus callosum; CAUD = caudate nucleus; L SEPT N = lateral septal 
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Fig. 8.—Recurrent glioblastoma plus necrosis 
and edema. 

A, PET-FDG scan. Note discrete focus of in- 
tense hypermetabolism in right frontal region, be- 
hind wedgelike defect caused by previous sur- 
gery. Vast areas of hypometabolism (blue) are 
seen in ipsilateral as well as contralateral hemi- 
spheres. These changes are from radiation plus 
IV chemotherapy injury. Color scale indicates 
range of metabolic values in mg glucose/100 g/ 
min. (On PET scan only, right side of patient is on 
right side of image.) Tumor recurrence was not 
identified on either postcontrast CT scan (B) or 
spin-echo (C) or inversion-recovery (D) MR im- 
ages. 
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Temporomandibular joint: MR imaging of internal derangements 
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Technical Note 





Simple Radiation Protection Device for CT 


Kedar Chintapalli,’ William Wentworth, and Charles R. Wilson’ 


We constructed a retractable radiation protection shield for 
use in the CT scanning room. The shield is placed between 
the patient and the radiologist while the radiologist injects the 
contrast medium for CT studies. In this report we describe 
the construction of this radiation protection shield and its 
usefulness in decreasing the radiation exposure to radiology 
personnel. 

We constructed a rectangular metal frame 20 x 3.5 in. (50 
x 8.8 cm) using two pieces of aluminum box-tubing (50 x 2 


A 


cm, each) and two 4-cm-long steel spacers with 1⁄4-in (0.6- 
cm) holes for %-in. bolts. All the supplies used are available 
in hardware stores. A double-jointed metal arm (Ritter, Roch- 
ester, NY) and a lead rubber shield (0.25-mm lead equivalent) 
(Wolf X-Ray Corp., West Hempstead, NY) were purchased. 
The lead rubber shield (18 x 24 in. or 45 x 60 cm) is draped 
over the lower horizontal rod of the rectangular metal frame 
to give 0.5-mm lead equivalent. This is suspended from the 
ceiling support of a dental lamp by a double-jointed metal arm 





Fig. 1.—A, Radiation protection device uses double-jointed metal arm suspended from ceiling support of dental lamp. 


B, Protection shield in place between gantry and radiologist. 
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as shown in Figure 1A. The dental lamp (Ritter) is used for 
additional illumination for starting IV lines. Most of our CT 
studies were done by an incremental dynamic-scan technique 
with rapid injection of contrast material during the early part 
of the scanning. 

During the dynamic CT studies, a radiologist is present to 
inject the contrast media. Although the radiologist stays at 
least 1 ft (30 cm) from the gantry, on occasion one may have 
to look at the gantry to check for inadvertent local infiltration 
of the contrast material or to check the patient for any contrast 
reaction. In doing so, the radiologist looks at the source of 
radiation (the rotating X-ray tube). To avoid supplying individ- 
ual leaded eyeglasses and neck shields to our personnel 
(which are costly, especially when several radiologists are 
involved), we constructed this retractable radiation protection 
shield. We used this shield routinely during hand injections of 
contrast material during the last year (Fig. 1B). 

Using an ionization-chamber survey instrument (Victoreen, 
Panoramic mode 470A, Cleveland, OH), radiation measure- 
ments were obtained in the integrated mode. The survey 
instrument had been calibrated by placing the unit in a known 
radiation field produced by a cesium-137 source. The energy 
response of the chamber varies less than +5% for phantom 
energies from 44 to 662 keV. The radiation exposure at 1-ft 
distance from the gantry without the shield during scanning 
was 0.25 mR/scan (6.5 x 10°° C/kg per scan). The location 
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of the chamber was approximately the location of the radiol- 
ogist’s head while performing IV injection. When the protec- 
tion shield was in place, the radiation exposure was reduced 
to less than 0.02 mR/scan (0.5 x 107°? C/kg per scan). These 
measurements were obtained on a GE 8800 CT scanner with 
120 kVp, mAs of 614 for a 10-mm-thick head scan and mAs 
of 960 for a 5-mm-thick abdominal scan. A lead rubber shield 
of 0.5-mm lead equivalent is expected to reduce the radiation 
exposure to less than one-tenth of the incidental dose [1]. 
The acceptable dose to the eye is less than 100 mR/week. 
In a busy CT section, a radiologist may be exposed to 50% 
of the acceptable dose, not including the exposure that may 
be received during fluoroscopic procedures. Use of the pro- 
tection shield significantly reduces the dose. 

Thus, the retractable radiation protection shield is helpful 
in preventing radiation to the thyroid gland and the lens of the 
eyes. We used the ceiling support of the existing dental light. 
When a dental light is not present, a new ceiling support can 
be constructed to suspend the retractable shield. The simple 
device can be easily constructed. 
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Invitation to the 1988 American Roentgen Ray Society 
Meeting in San Francisco, CA, May 8-13, 1988 


| am pleased to extend an invitation to all radiologists to 
attend the 88th annual meeting of the American Roentgen 
Ray Society in San Francisco, CA, May 8-13, 1988. In 
keeping with the ARRS tradition, outstanding scientific and 
social programs will be provided. 

The excitement of a meeting set in the center of San 
Francisco requires no further description. The opportunity for 
busy radiologists to attend a major national meeting while 
enjoying such an environment is ideal. 

The scientific program, instructional courses, and categor- 
ical course are certain to be interesting and informative (see 
Table 1 for schedule). 


Scientific Program 


Two hundred scientific papers have been selected from a 
record submission of 650 abstracts. Scientific sessions will 
be devoted to all major body systems, angiography, interven- 
tional techniques, sonography, and mammography. Special 
emphasis has been placed on discussion of newer develop- 
ments. 

The innovative and extremely well-received Friday morning 
minisymposium is entitled “Chest Imaging Update, 1988.” 
Theresa McLoud and Gordon Gamsu have assembled an 
outstanding faculty for what | am sure will be a very stimulat- 
ing program. 


Instructional Courses 


Joseph Ferrucci, Chairman of the Instructional Course 
Committee, has put together 60 instructional courses. Faculty 
members have been drawn from across the entire country, 
with emphasis on luminaries from the West Coast. A super- 
lative educational experience is anticipated, and advance 
registration is recommended. 


Categorical Course 


An extraordinary categorical course on breast imaging has 
been fashioned by Stephen Feig. The course covers equip- 
ment, principles of diagnosis, biopsy techniques, screening, 
and all the important aspects of breast imaging. This course 
is certain to be popular, and advance registration is advised. 


Scientific Exhibits 


The 220 scientific exhibits coordinated by John Madewell 
will cover the entire breadth of the field of diagnostic radiology. 
The technical exhibits will be displayed in the same area as 
the scientific exhibits to enhance the interaction of the attend- 
ees with our technical exhibitors. 


TABLE 1: Summary of 1988 American Roentgen Ray Society Meeting 


a eS Se A A N S SE SS SS SRN I SR STE EEE E E E O oa 


Sunday Monday Tuesday Wednesday Thursday Friday 
May 8 May 9 May 10 May 11 May 12 May 13 
8-9:30 8-9:30 8-9:30 8-9:30 8-10 
Instructional courses Instructional courses Instructional courses Instructional courses Symposium: chest 
imaging update 
9-noon 10-10:30 
Categorical course: Opening ceremonies 
breast imaging 
10:30-12:30 10-12:30 10-12:30 10-12:30 10:30-12:30 
Scientific programs Scientific programs Awards session/ Scientific programs Symposium: chest 
Caldwell lecture imaging update 


1:30-3 


Categorical course: 


breast imaging 
3:30-5:30 


Categorical course: 


Breast imaging 


1:30-3:30 

Categorical course: 
breast imaging 

4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 


1:30-3:30 
Scientific programs 


4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 


1:30-3:30 
Scientific programs 


4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 


1:30-3:30 
Scientific programs 


4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 
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Caldwell Lecture 


Donald L. Resnick of the University of California at San 
Diego has accepted an invitation to present the Caldwell 
Lecture for 1988. His lecture, “Common Disorders of Synovial 
Joints: Pathogenesis, Imaging Abnormalities, and Complica- 
tions,” promises to be a highlight of the meeting. 


Social Events 


San Francisco offers an unlimited number of diversions, 
and George Janetos, Chairman of the Local Arrangements 
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Committee, has engaged Tours West to plan a variety of 
outstanding tours. The annual golf and tennis tournaments 
for attendees and their companions are scheduled for Mon- 
day. The traditional cocktail party given by the Society in the 
exhibit area for all registrants will be Tuesday evening and 
will provide a convenient meeting place before an evening on 
the town. 

This promises to be a truly outstanding event in exceptional 
surroundings. | hope you will be able to accept our invitation. 
Plan now to attend. 

Lee F. Rogers 
President-Elect, ARRS 









Forthcoming ARRS Meeting Information 





Details of the American Roentgen Ray Society Meeting in San Francisco, CA, May 
8-13, 1988, will appear in the February and March 1988 issues of the AJR. The 
complete scientific program, abstracts of the instructional programs, information about 
social events, and hotel and travel forms will be published in the Journal. 


See pages 70 and 114 of this issue for more information concerning the meeting. 
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Review of Current Literature 





Initials and addresses of corresponding authors are provided in 
parentheses for each article so that the reader can obtain reprints 
directly. Abstracts are printed verbatim from each journal. 


CLINICAL LITERATURE 


The New England Journal of Medicine 


Pretreatment with corticosteroids to alleviate reactions to intra- 
venous contrast material. Lasser EC, Berry CC, Talner LB, et al. 
(ECL, Dept. of Radiology, M-032, UCSD, La Jolla, CA 92093). N Engl 
J Med 317:845-849, Oct. 1987 


The x-ray contrast mediums used over the past three decades 
have been salts of iodinated acids administered in highly hypertonic 
concentrations. We conducted a multiinstitutional randomized study 
of the protective effects of pretreatment with corticosteroids against 
reactions to intravenous contrast material. We gave 6763 patients 
two doses of oral corticosteroids (methylprednisolone, 32 mg) ap- 
proximately 12 hours and 2 hours before challenge with contrast 
material, one dose of oral prednisolone approximately 2 hours before 
challenge, or placebo in the same dosages. The two-dose cortico- 
steroid regimen, but not the one-dose regimen, significantly reduced 
the incidence of reactions of all types (P < 0.05) except a category 
of reactions dominated by hives, for which the reduction approached 
significance (P = 0.055). 

In recent years, several relatively expensive monomeric nonionic 
iodinated compounds having approximately half the osmolality of the 
corresponding ionic compounds and a lower reaction rate have 
become available. With our two-dose corticosteroid regimen, the 
incidence of reactions necessitating therapy in patients receiving the 
ionic medium approximated that reported in an unblinded nonrandom- 
ized study of patients receiving a newer intravenous nonionic medium 
without corticosteroid pretreatment. 

We conclude that the much less expensive ionic medium, if admin- 
istered with corticosteroid pretreatment, may serve as a reasonable 
alternative to intravenous nonionic medium, without loss of safety. 


A prospective study of ultrasonography in the diagnosis of ap- 
pendicitis. Puylaert JBCM, Rutgers PH, Lalisang RI, et al. (SBCMP, 
Radiological Dept., Westeinde Hospital, Lijnbaan 32, 2512 VA The 
Hague, Netherlands). N Eng/ J Med 317:666-669, Sept. 1987 


The diagnosis of appendicitis is frequently difficult. We studied 
prospectively the diagnostic accuracy and clinical impact of abdominal 
ultrasonography in 111 consecutive patients thought to have appen- 
dicitis. Ultrasonography was performed with small high-resolution, 


linear-array transducers, with the abdomen compressed to displace 
or compress bowel and fat. 

Among 52 patients later shown in surgery to have appendicitis, 
ultrasonography was unequivocally positive in 39 (sensitivity, 75 
percent). Of 31 patients in whom appendicitis was definitely excluded, 
none had a positive ultrasound examination (specificity, 100 percent). 
The sensitivity in those with a perforated appendix (28.5 percent) 
was much lower than in those with acute nonperforating appendicitis 
(80.5 percent) or appendiceal mass (89 percent), but the low sensitiv- 
ity did not influence clinical management, since the need for surgery 
in patients with a perforated appendix was clinically obvious. 

Ultrasonography resulted in changes in the proposed management 
in 29 of the 111 patients (26 percent). It also led to the correct 
diagnosis in the 16 patients who were found to have a disease other 
than appendicitis. 

We conclude that ultrasonography is a useful aid in the diagnosis 
of appendicitis. 


Bone sarcomas linked to radiotherapy and chemotherapy in chil- 
dren. Tucker MA, D’Angio GJ, Boice JD Jr, et al. (MAT, Environmental 
Epidemiology Branch, National Cancer Institute, Landow Bldg., Rm. 
3C39, Bethesda, MD 20892). N Engl J Med 317:588-593, Sept. 
1987 


We estimated the risk of subsequent bone cancer among 9170 
patients who had survived two or more years after the diagnosis of 
a cancer in childhood. 

As compared with the general population, the patients had a 
relative risk of 133 (95 percent confidence interval, 98 to 176) and a 
mean (+SE) 20-year cumulative risk of 2.8 + 0.7 percent. Detailed 
data on treatment were obtained on 64 patients in whom bone cancer 
developed after childhood cancer. As compared with 209 matched 
controls who had survived cancer in childhood but who did not have 
bone cancer later, patients who had had radiation therapy had a 2.7- 
fold risk (95 percent confidence interval, 1.0 to 7.7) and a sharp 
dose-response gradient reaching a 40-fold risk after doses to the 
bone of more than 6000 rad. The relative dose-response effect 
among patients who had been treated for retinoblastoma resembled 
that among patients with all other types of initial tumors, although 
the cumulative risk of bone cancer in the retinoblastoma group was 
higher. Similar numbers of patients were treated with orthovoltage 
and megavoltage; the patterns of risk among categories of doses did 
not differ according to the type of voltage. After adjustment for 
radiation therapy, treatment with alkylating agents was also linked to 
bone cancer (relative risk, 4.7; 95 percent confidence interval, 1.0 to 
22.3), with the risk increasing as cumulative drug exposure rose. 

We conclude that both radiotherapy and chemotherapy with alkyl- 
ating agents for childhood cancer increase the subsequent risk of 
bone cancer. 
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Cancer 


The effect of the respiratory cycle on mediastinal and lung di- 
mensions in Hodgkin’s disease: implications for radiotherapy 
gated to respiration. Willett CG, Linggood RM, Stracher MA, et al. 
(CGW, Dept. of Radiation Medicine, Cox Bldg., Massachusetts Gen- 
eral Hospital, Blossom St., Boston, MA 02114). Cancer 60:1232- 
1237, Sept. 1987 


Changes in mediastinal and lung dimensions during respiration 
were studied to assess the potential of radiotherapy gated to respi- 
ration to minimize normal tissue irradiation. Twelve patients with 
mediastinal Hodgkin's disease were assessed using chest radio- 
graphs and thoracic computed tomography (CT) scans both during 
quiet breathing and at maximum inspiration in the standing, supine, 
and prone positions. A simple measure of the bulk of mediastinal 
disease, the ratio of the width of mediastinal mass to thoracic 
diameter, was determined from posteroanterior (PA) chest radio- 
graphs. The volumes of mediastinum, irradiated and protected lung 
if anteroposterior (AP) and PA mantle fields were used were deter- 
mined from sequential thoracic CT scans and three-dimensional 
treatment planning and compared at quiet breathing and deep inspi- 
ration. The mediastinal width to thoracic diameter ratio decreased 
from quiet breathing to deep inspiration an average of 3%, 9%, and 
11% for the standing, supine, and prone positions, respectively. Lung 
volumes as measured from the thoracic CT scans showed that on 
average, 8% more lung was protected at deep inspiration than at 
quiet breathing, independent of treatment position. The maximum 
increase in the percentage of protected lung from quiet breathing to 
deep inspiration was seen in patients with extensive mediastinal 
adenopathy suggesting that radiotherapy gated to respiration may 
be most advantageous in the subset of patients. 

Reprinted by permission from the American Cancer Society. 


A new approach to chemoembolization therapy for hepatoma 
using ethiodized oil, cisplatin, and gelatin sponge. Sasaki Y, 
Imaoka S, Kasugai H, et al. (YS, Dept. of Surgery, The Center for 
Adult Diseases, Osaka, 1-3-3 Nakamichi Higashinari-ku Osaka, 537, 
Japan). Cancer 60:1194-1203, Sept. 1987 


This article reports on a new approach to hepatic arterial chem- 
oembolization therapy using ethiodized oil (Lipiodol, Ultra Fluide), 
cisplatin, and gelatin sponge (Gelfoam, Upjohn, Kalamazoo, Ml) for 
hepatocellular carcinoma (HCC). The anticancer effects of this therapy 
on 20 patients who underwent subsequent hepatic resection were 
evaluated mainly by histologic examination. All main tumors were 
reduced in size following this therapy. It is notable that in 65% of the 
patients the tumor size was reduced to less than 50% of that before 
therapy. All the values of serum a-fetoprotein (AFP) in the patients 
who exhibited pretreatment levels exceeding 100 ng/ml dropped by 
more than 50%, and in 55% of them it fell below 20 ng/ml. The 
concentration of platinum in the tumor tissue was significantly higher 
than that in the nontumorous tissue. In 15 of 20 patients (75%), the 
main nodules were completely necrotic. Thirteen of the patients had 
daughter nodules and/or small intrahepatic metastases (Group A); 
nine had tumor emboli in the portal (hepatic) vein (Group B); 17 had 
intracapsular invasions (Group C); and ten had extracapsular inva- 
sions (Group D). The ratios of patients with completely necrotic cancer 
cells in Group A were nine of 13 (69%); in Group B, seven of nine 
(78%); in Group C, 11/17 (65%); and in Group D, four of 10 (40%). 
In eight of the 20 patients (40%) no viable cancer cells were recog- 
nized at any foci. Lesions other than those with extracapsular invasion 
could be considerably eliminated with this form of therapy. It is 
expected that this method will become the therapy of choice not only 
for palliative treatment but also for preoperative treatment. 

Reprinted by permission from the American Cancer Society. 


Gianturco expandable wire stents in the treatment of superior 
vena cava syndrome recurring after maximum-tolerance radia- 
tion. Rosch J, Bedell JE, Putnam J, Antonovic R, Uchida B (JR, L- 
340, 3181 S. W. Sam Jackson Park Rd., Portland, OR 97201). Cancer 
60:1243-1246, Sept. 1987 


AJR:150, January 1988 


Two patients with superior vena cava syndrome (SVCS) recurring 
after maximum-tolerance radiation were treated by placing a Gian- 
turco expandable wire stent (GEWS) into the obstructed superior 
vena cava. The SVCS symptoms rapidly disappeared and good short- 
term (6 months) palliation was achieved. GEWS placement is a 
promising therapeutic alternative for palliation of SVCS symptoms 
when other therapeutic modes cannot be used or are not effective. 

Reprinted by permission from the American Cancer Society. 


Chest 


CT of the lung parenchyma and the pulmonary function test. Sider 
L, Dennis L, Smith LJ, Dunn MM (LS, 710 North Fairbanks Ct., NMH, 
Chicago, IL 60611). Chest 92:406-410, 1987 


Computed tomography (CT) views of the lung parenchyma were 
compared with the corresponding pulmonary function tests (PFTs) in 
39 patients. Scans were assigned a quantitative degree of involve- 
ment based on previously described CT findings. CT was fairly 
successful in confirming a normal appearance of the lungs in patients 
with normal PFTs (ten cases). CT was accurate in detecting the 
presence of a chronic interstitial pattern in patients with restrictive 
defects on PFTs (15 cases). CT was generally less successful in both 
the detection and quantitation in patients with PFT criteria of chronic 
obstructive lung disease (14 cases). 


Circulation 


The transstenotic pressure gradient trend as a predictor of acute 
complications after percutaneous transluminal coronary angio- 
plasty. Redd DCB, Roubin GS, Leimgruber PP, Abi-Mansour P, 
Douglas JS Jr, King SB Ill (GSR, Interventional Cardiovascular Med- 
icine, Emory University Hospital, Ste. F-606, 1364 Clifton Rd. N.E., 
Atlanta, GA 30322). Circulation 76(4):792-801. 1987 

The transstenotic pressure gradient recorded during coronary an- 
gioplasty (PTCA) reflects the dynamic relationship that exists between 
coronary blood flow and the effective cross-sectional area of the 
arterial lumen. An apparent relationship between the dynamic behav- 
ior of the pressure gradient and subsequent acute vessel closure 
was observed in our catheterization laboratory. We therefore exam- 
ined the usefulness of the pressure gradient trend in predicting acute 
complications after 463 attempted PTCA procedures. Two pressure 
gradient trend patterns were identified: (1) a rising trend pattern 
identified by an increasing pressure gradient in the interval after 
deflation of the angioplasty, and (2) a stable trend pattern identified 
by a constant or decreasing pressure gradient. The incidence of acute 
vessel closure (17% vs 4%, p = .0001), emergency CABG (5.6% 
versus 1%, p<.05), and myocardial infarction (13% versus 2%, 
p<.0001) after the PTCA procedure was significantly higher among 
patients with rising trend patterns when compared with patients with 
stable trend patterns. Multivariate analysis identified independent 
predictors for an acute closure event as a rising trend pattern 
(p<.001), post-PTCA gradient (p<.05), and post-PTCA percent di- 
ameter stenosis (p<.02). Independent predictors for emergency cor- 
onary artery bypass grafting and myocardial infarction were post- 
PTCA gradient (p<.001) and a rising trend pattern (odds ratio = 2.91, 
p<.001), respectively. The dynamic behavior of the gradient trend 
provides additional useful information about the results of dilatation. 
This information is available before completion of dilatation and may 
assist in clinical decision making by identifying those patients who 
may be at risk for developing acute complications in the post-PTCA 
period. 


Gastroenterology 


Normal venous circulation of the gastroesophageal junction: a 
route to understanding varices. Vianna A, Hayes PC, Moscoso G, 
et al. (R. Williams, Liver Unit, King’s College Hospital, Denmark Hill, 
London SE5 9RS, United Kingdom). Gastroenterology 93:876-889, 
1987. 
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A study into the normal anatomy of the venous circulation of the 
gastroesophageal junction was undertaken using three complemen- 
tary techniques (radiology, corrosion casting, and morphometry). Four 
distinct zones of venous drainage were defined as follows: (a) gastric 
zone, characterized by a longitudinal venous distribution; (b) palisade 
zone, composed of parallel vessels arranged in groups, lying mainly 
within the lamina propria; (c) perforating zone, characterized by “treble 
clef” shaped veins, which collect and channel blood into extrinsic 
veins; and (d) truncal zone, composed of four or five deep lying 
descending veins. This venous system appeared to be mainly distrib- 
uted within the esophageal mucosal folds. The anatomic pattern 
suggests that venous flow is bidirectional at the palisade zone, which 
acts as a high-resistance watershed region between the portal and 
azygos systems. In patients with portal hypertension this normal 
vascular system has to accommodate greatly increased venous flow, 
and the anatomy as demonstrated here offers insight into variceal 
development. 

Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Radiographic evaluation of esophagus immediately after pneu- 
matic dilatation for achalasia. Ott DJ, Richter JE, Wu WC, Chen 
YM, Castell DO, Gelfand DW (DJO, Dept. of Radiology, Bowman 
Gray School of Medicine, Winston-Salem, NC 27103). Dig Dis Sci 
32(9):962-967, Sept. 1987 


Forty-one (98%) of 42 patients with achalasia of the esophagus 
had pneumatic dilatation performed successfully using the Brown- 
McHardy dilator. One to four dilatations (mean, 1.9) were done on 
each patient with inflation pressures of 8-15 psi (mean, 11.1 psi). 
Immediately after the procedure, all patients were examined radio- 
graphically by injection of contrast material into the lower esophagus 
through a nasoesophageal tube. Two immediate and two delayed 
perforations occurred. Six intramural hematomas were noted, five of 
which resolved spontaneously. The luminal diameter at the esopha- 
gogastric junction increased from a mean of 4.2 mm before dilatation 
to 7.5 mm following treatment. Four patients with previous Heller 
myotomy were dilated without complications. Perforation was more 
common in patients with a minimal change in the esophagogastric 
diameter. Thirty-five patients (85%) improved symptomatically within 
several days following pneumatic dilatation. Excluding patients with 
perforation, the postdilatation appearance of the lower esophagus 
poorly correlated with clinical response. 


Pancreatic abscess and infected pancreatic necrosis: different 
local septic complications in acute pancreatitis. Bittner R, Block 
S, Buchler M, Beger HG (HGB, Dept. of General Surgery, University 
of Ulm, Steinhévelstr. 9, D-7900 Ulm, Federal Republic of Germany). 
Dig Dis Sci 32(10):1082-1087, Oct. 1987 


Local septic complications in acute pancreatitis need to be exactly 
characterized and defined in order to develop improved concepts for 
their prevention, early diagnosis, and therapy. While up to now all 
local septic complications have been termed abscesses, the present 
study for the first time delineates the morphologic, clinical, and 
laboratory criteria needed to distinguish between two separate Clinical 
entities: the infected necrosis (IN) and the pancreatic abscess (PA). 
IN is defined as a diffuse bacterial inflammation of necrotic pancreatic 
and peripancreatic tissue, but without any significant pus collections. 
On the other hand, the morphologic substrate of PA is a localized 
collection of pus surrounded by a more or less distinct capsula. IN 
becomes Clinically evident during the early phase of acute pancreatitis 
(AP). The patients with IN present both the signs of sepsis and the 
laboratory findings of AP. Thus in these patients the most fulminant 
course of AP is observed; 51.8% and 35.7% of them have pulmonary 
or renal insufficiency, respectively. The mortality of the patients with 
IN is high and amounts to 32.1%. Pancreatic abscess, on the other 
hand, does not develop before the fifth week after onset of symptoms 
and after subsidence of the acute phase of pancreatitis. In these 
patients laboratory signs of AP-like amylasemia, hypocalcemia, hy- 
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perglycemia, and rise of LDH are rarely observed. Corresponding to 
the lack of pathophysiologic effects of AP per se, pulmonary and 
renal insufficiencies occur in only 33.3% and 16.7%, respectively, 
and mortality in these patients is 22.2%. While an abscess may 
readily be identified by computed tomography, the differentiation 
between IN and non-IN can be very difficult. The prognostic signifi- 
cance, however, makes this distinction absolutely necessary. Accord- 
ing to our experience, surgical debridement is the procedure of choice 
for patients with IN. 


The Journal of Urology 


Renal lesions in tuberous sclerosis. Stillwell TJ, Gomez MR, Kelalis 
PP (PPK, Dept. of Urology, Mayo Clinic, 200 First St. S. W., Roch- 
ester, MN 55905). J Urol 138:477-481 Sept. 1987 


The renal lesion classically associated with tuberous sclerosis is 
angiomyolipoma. Renal cysts are less frequent, occurring alone or in 
conjunction with angiomyolipomas. We reviewed the records of 274 
patients with tuberous sclerosis registered at our clinic. Of 95 patients 
evaluated for renal lesions 51 (54 per cent) had positive findings: 45 
had angiomyolipomas, 17 had renal cysts and 11 had both lesions. 
These lesions usually are multiple and bilateral, and are diagnosed 
most effectively with computerized tomography or ultrasound. Sur- 
gery (10 kidneys) was done for life-threatening hemorrhage or sus- 
pected malignant lesions. 


British Journal of Urology 


Effects of vesicoureteric reflux on renal growth and function as 
measured by GFR, plasma creatinine and urinary concentrating 
ability: an experimental study in the minipig. Ransley PG, Risdon 
RA, Godley ML (PGR, Institute of Child Health, London, United 
Kingdom). Br J Urol 60:193-204, 1987 


The influence of vesicoureteric reflux (VUR) on renal growth and 
function measured by glomerular filtration rate (GFR), plasma creati- 
nine concentration and urinary concentrating ability has been exam- 
ined in a simple one-kidney model in the growing minipig over a 
period of approximately 5 months. Animals with reflux in assoc ation 
with low voiding pressures and normal bladder function (n = 6), as 
well as those with raised voiding pressures and abnormal bladder 
function (n = 5), were investigated together with appropriate non- 
refluxing controls (n = 12). Urinary infection and renal scarring were 
avoided since these factors may affect kidney function and growth 
independently. 

Statistical tests of difference failed to demonstrate any effect of 
VUR on *'Cr EDTA GFR or renal growth even in the presence of 
elevated voiding pressures and abnormal detrusor function. However, 
a significant association between VUR and reduced urinary concen- 
trating ability was shown. 


Pediatrics 


Idiopathic cerebral arterial infarction with paucity of symptoms in 
the full-term neonate. Roodhooft AM, Parizel PM, Van Acker KJ, 
Deprettere AJR, Van Reempts PJ (AMR, Dept. of Pediatrics, Univer- 
sity of Antwerp, Universiteitsplein, 1, B-2610 Wilrijk, Belgium). Pedi- 
atrics 80(3):381-385, Sept. 1987 


Two full-term neonates, one with convulsions and intermittent 
generalized hypotonia and one with poor sucking, temperature insta- 
bility, and lethargy, are reported. CT scan findings suggested cerebral 
arterial infarction. Arteriography revealed occlusion of the middle 
cerebral artery, unilaterally in the first and bilaterally in the second 
patient. The evolution of the infarct could be followed on serial CT 
scans. No predisposing factors during pregnancy or delivery were 
found, and serious neurologic deficits developed in both children. 
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These cases demonstrate that, even in full-term neonates with dis- 
crete or moderate neurologic symptoms and born after normal preg- 
nancy and delivery, the possibility of vasooclusive brain infarction 
should be considered. The diagnosis is suggested by imaging tech- 
niques, of which CT scanning seems to have the greatest value at 
present. This technique also permits the follow-up of the lesions. The 
prognosis for neurologic development appears to be variable: minor 
neurologic deficits as well as unexplained spastic hemiplegia in older 
children may be the consequence of inapparent cerebral arterial 
infarction in the neonatal period. 
Reprinted by permission of PEDIATRICS ©1987. 


The Journal of Pediatrics 


Management of Chiari II complications in infants with myelomen- 
ingocele. Charney EB, Rorke LB, Sutton LN, Schut L (EBC, The 
Children’s Hospital of Philadelphia, 34th St. and Civic Center Blvd., 
Philadelphia, PA 19104). J Pediatr 111:364-371, Sept. 1987 


Vocal cord paralysis with inspiratory stridor during infancy is a 
well-recognized complication of the Arnold-Chiari malformation as- 
sociated with myelomeningocele. Management of these symptoms, 
however, remains controversial. The outcome in 19 infants with 
symptoms managed by us during 1978-1984 was therefore re- 
viewed. Ten infants had stridor alone at presentation (clinical grade 
1), four infants also had apnea (grade 2), and five infants also had 
associated cyanotic spells and dysphagia (grade 3). Of 14 ventricular 
shunt revisions performed, seven were associated with resolution: in 
five of eight infants with grade 1, two of four with grade 2, and none 
of two with grade 3 symptoms. Of the 10 posterior fossa decompres- 
sions performed, two were associated with clinical resolution: in one 
of four infants with grade 1, one of two with grade 2, and none of 
four with grade 3 symptoms. Mortality over 6 months following onset 
of symptoms was absent among infants with grade 1, one with grade 
2, and three with grade 3 symptoms. We propose that differences in 
Outcome among the three groups of infants reflect differences in 
pathologic processes within the brain stem. We speculate that infants 
with grade 2 or 3 symptoms have more extensive brain stem damage, 
such as hemorrhage, infarction, and necrosis. Use of our classification 
system may be helpful in further studies on intervention modalities in 
these infants. 


RADIOLOGY SUBSPECIALTY JOURNALS 


The Journal of Nuclear Medicine 


Single-dose captopril scintigraphy in the diagnosis of renovas- 
cular hypertension. Sfakianakis GN, Bourgoignie JJ, Jaffe D, Kyriak- 
ides G, Perez-Stable E, Duncan RC (GNS, Nuclear Medicine Lab., 
D-57, University of Miami School of Medicine, P. O. Box 016960, 
Miami FL 33136). J Nucl Med 28(9):1383-1392, Sept. 1987 


Renal scintigraphy with [°°"Tc]diethylenetriaminepentaacetic acid 
(DTPA) and/or sodium-iodine-131-0-iodohippurate (HIP) was per- 
formed before and after an oral dose of captopril (50 mg) in 18 
patients with renovascular hypertension (RVH) due to renal artery 
Stenosis (RAS) and 18 controls. In every patient with RVH, captopril 
induced, enhanced or sustained abnormal findings on HIP scintigra- 
phy depending on the degree of RAS. With DTPA scintigraphy, renal 
function decreased after captopril in ten kidneys with RVH-related 
RAS and adequate baseline renal function, but this phenomenon was 
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not evident in 11 kidneys with RVH and poor renal function. Captopril 
did not influence HIP or DTPA studies of kidneys with patent renal 
arteries (patients after successful renal angioplasty, patients with 
essential hypertension, contralateral kidneys of patients with unilat- 
eral RVH) or ipsilateral kidneys with mild and subcritical (<60%) RAS 
in patients without hypertension and/or normal renal vein renin activ- 
ity. When HIP and DTPA scintigraphy were compared in the same 
patients, HIP demonstrated greater sensitivity and specificity than 
DTPA, particularly in patients with poor renal function. HIP scintigra- 
phy before and after a single dose of captopril may provide a rapid 
sensitive and minimally invasive test for screening patients with 
hypertension. 


JOURNAL OF THORACIC IMAGING 


Radiologic investigation of thoracic metastases from unknown 
primary sites. Marglin SI, Mortimer J. Castellino RA (SIM, Dept. of 
Radiology, SB-05, University Hospital, Seattle, WA 98195). J Thorac 
Imag 2(4):38-43, 1987 


When a patient presents with thoracic metastases from a tumor 
whose site of origin is not apparent from the initial history, physical 
examination, and routine laboratory studies, there is a considerable 
likelihood that the individual will be subjected to an extensive and 
frequently unrewarding series of radiologic examinations. An analysis 
of the “behavior” of so-called tumors of unknown origin suggests that 
these tumors metastasize to distant sites with a frequency that is 
different from the more common tumors, that is to say, those whose 
primary site is readily apparent. While compulsive testing should 
unquestionably be eschewed, certain radiologic tests are still appro- 
priate. These studies should be supplemented, when necessary, by 
newer pathologic studies, primarily those that involve the rapidly 
developing field of immunocytochemistry. 


Journal of Ultrasound in Medicine 


Intraoperative imaging of the biliary tree: sonography vs. opera- 
tive cholangiography. Buckley AR, Scudamore CH, Becker CD, 
Cooperberg PL (PLC, Dept. of Radiology, Vancouver General Hos- 
pital, 855 W. 12th Ave., Vancouver, B.C. V5Z 1M9, Canada). J 
Ultrasound Med 6(10):589-595, Oct. 1987 


The accepted technique for diagnosing choledocholithiasis at the 
time of cholecystectomy is operative cholangiography. Reports in the 
surgical literature suggest that intraoperative ultrasound can replace 
operative cholangiography in the accurate detection of common duct 
Stones. This prospective study was performed jointly by radiologists 
and surgeons together in the operating room. Twenty-one patients 
underwent intraoperative ultrasonography and operative cholangi- 
ography at the time of cholecystectomy. In the 16 cases in which 
both studies were adequate, there were 11 in which no stones were 
seen on either, three in which stones were seen on both; and two in 
which stones were diagnosed by sonography alone. In one of these 
latter cases, the stones were confirmed, making the cholangiogram 
falsely negative. In the other case, no stones were found so we 
presume that sonography was falsely positive. Although this tech- 
nique can be accurate and useful, it is technically demanding, even 
for an experienced sonologist. We feel that this technique is likely to 
be of benefit only to the surgeon with considerable ultrasound train- 
ing, expertise, and motivation. 

Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 
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Letters 





Bone Densitometry 


As a developer of both single- and dual-photon absorptiometry 
(SPA and DPA) and X-ray absorptiometry, | have opposed densitom- 
etry for mass screening [1], particularly appendicular SPA, because 
its diagnostic sensitivity is less than half that of axial densitometry. 
The 95% confidence limit in predicting axial bone density from SPA 
values is more than 25%. Values for normal older women average 
only about 16% higher than those of women with osteoporotic crush 
fractures, and these two groups have a 10-fold difference of relative 
risk. Hall [2], Hall et al. [3], and others [4] have (1) underestimated 
diagnostic sensitivity of axial densitometry and overemphasized the 
limitations of screenings, (2) confused screening with medically indi- 
cated diagnosis, and (3) underestimated the importance of monitoring 
therapy, even estrogen therapy. 

Critics undervalue early diagnosis because their estimates of di- 
agnostic sensitivity are usually (1) outdated, particularly for hip frac- 
ture, and (2) derived from patients who are 20 years older than the 
target perimenopausal group. For women at age 50 years old, the 
specificity of spinal and femoral DPA for spinal and femoral fractures 
is about 85% and 97%, respectively, at 90% sensitivity. It is true that 
measurements of the density of the radius, and even the spine, are 
not predictive of hip fracture. However, our data and those of several 
other research groups show an exquisite diagnostic sensitivity for 
densitometry of the proximal femur. The densities of patients who 
have hip fractures average 1.5 SD below the densities of age-matched 
controls and about 4 SD below those of young normal subjects [5]. 
Measurement of the density of the proximal femur in relation to hip 
fracture is one of the most sensitive diagnostic tests available in 
radiology today. Femoral density is four times as sensitive as radial 
density (which is no better than conventional risk factors such as age 
and body weight). About 80-90% of the variance in bone strength, 
and in fracture risk, is associated with density at fracture sites. Hence, 
axial densitometry gives comparable sensitivity compared with mam- 
mography but does not result in costly, painful, and unnecessary 
biopsies in 70% false-positive cases. Moreover, unlike the case with 
mammography, identification of patients at high risk is easy. Only 
20% of asymptomatic women, ages 50-59 years, are osteopenic 
(<20% low) in the spine, whereas more than 60% of referred patients 
are osteopenic [6]. 

Novices have confused screening (asymptomatic women) with 
early diagnostic testing (patients with clear medical indications). This 
confusion inhibits reimbursement for the axial measurements that 
leading specialists in bone disease consider essential [7]. SPA screen- 
ing in a minority (<10%) of the more than 1000 facilities that use 
densitometry has inhibited insurers from reimbursing for axial densi- 
tometry, and, as | predicted earlier [1], brought all densitometry into 
some disrepute. 


Critics of densitometry often claim that the test does not have 
sufficient precision to monitor the various new and effective therapies 
that stabilize or increase the density of axial bone. This is based on 
the assumptions that a normal slow rate of loss (1%/year) occurs in 
osteoporosis and that there are slow if any increases in bone with 
therapy. These assumptions apply chiefly to the peripheral skeleton. 
The axial skeleton, however, shows large decreases with disease 
and large increases with therapy (2-5%/year). Such changes are 
readily detectable by axial densitometry and, in conjunction with 
clinical chemistries, provide a basis for clinical decision making. Even 
estrogens cannot be given without monitoring; long-term bone loss 
occurs in at least 30% of patients who are treated with these 
hormones [8, 9]. 

Axial densitometry in symptomatic patients is not only justifiable 
but also ethically and legally prudent. Diagnostic and monitoring 
applications were endorsed by leading clinicians at the recent National 
Institutes of Health/National Osteoporosis Foundation conference on 
osteoporosis (February 1987) and are recommended in the practice 
guidelines of the American Rheumatism Association and by the 
Society of Nuclear Medicine and the American College of Nuclear 
Physicians. Unknowledgeable critics of nonscreening densitometry 
do a disservice (1) to the more than 5 million patients who either have 
medical problems affecting bone or are undergoing therapies that 
affect bone and (2) to the 1000 hospitals that treat metabolic bone 
disease. 

Richard M. Mazess 
University of Wisconsin and 
LUNAR Radiation Corp. 
Madison, WI 53713 
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Reply 


Correspondence with Dr. Mazess is always an interesting experi- 
ence [1], although not one | recommend for everyone. As usual | am 
overwhelmed with data in support of “medically indicated” bone 
densitometry and, more specifically, densitometry performed by the 
method of DPA. Unfortunately, the literature on these subjects is a 
quagmire of conflicting data and opinion. | should point out also that 
“physicians should be more skeptical of claims for the superiority of 
an approach over its competitors when the claims come from persons 
who would profit monetarily by its adoption” [2]. 

| am pleased that Dr. Mazess discourages bone mineral screening 
for osteoporosis. However, many physicians, owners of diagnostic 
Clinics, and even patients, do not share this opinion. Third-party 
payers legitimately are concerned about the potentially almost limit- 
less demand for this examination if reimbursement is offered. 

Dr. Mazess would perform bone densitometry for “medical indica- 
tions” only, but even this restriction is subject to wide interpretation. 
Many advocates of bone densitometry recommend that screening 
examinations be limited to perimenopausal women who are at in- 
creased risk for osteoporosis because of family history, medications, 
body habitus, diet, life-style, etc. [3]. Unfortunately, regardless of 
these factors, in older women, the risk of osteoporosis developing is 
close to 100%. The average postmenopausal woman loses 35% of 
her cortical bone and 50% of her trabecular bone during her lifetime, 
and if she lives to age 90, she will have an approximately one-third 
chance of having a hip fracture [3, 4]. 

| do not think that the solution to the problem of osteoporosis lies 
in early diagnosis by bone densitometry: Mere knowledge of age and 
sex permits bone density of the spine or femoral neck to be predicted 
with an SD of only about 10% [3]. Nor does the answer lie in 
treatment, which is almost nonexistent. Rather, the solution to the 
problem of osteoporosis lies in prevention, and, at the present time, 
the only effective and practical preventive therapy is treatment with 
estrogen. The real debate on osteoporosis concerns whether post- 
menopausal women routinely should be treated with estrogen. This 
treatment not only will reduce bone loss but also, perhaps more 
importantly, may reduce coronary heart disease [5, 6]. 

Bone mineral screening is an extraordinarily important research 
tool. However, it should not be used as a screening examination. | 
am delighted that Dr. Mazess and | can agree, at least nominally, on 
this. 

Ferris M. Hall 
Beth Israel Hospital 
Boston, MA 02215 
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Risk Management for the Radiologist 


In his article on risk management for the radiologist [1], Dr. Smith 
Says that in a malpractice case a radiographic report that states 
simply “normal chest” is more likely to leave a jury with an impression 
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of haste than a detailed verbose report that lists various struczures 
as normal and certain possible abnormalities as absent. He may be 
correct, but he presents no evidence for his opinion. | hope that 
despite his warning radiologists will keep their reports concise. To 
get into the habit of dictating lengthy reports is to risk burying 
important findings amid the irrelevant. Moreover, excessive verbiage 
takes the radiologist extra time to dictate, the transcriber extra time 
to type, and the clinician extra time to read—if the clinician bothers. 
True, word processors and other computer-based devices can put 
out repetitive verbiage with little effort from the radiologist and 
transcriber. However, generating a report of the kind recommended 
by Dr. Smith by pushing a button or dictating the word “normal” 
smacks to me of dishonesty. 
| think that the interests of patients, clinicians, and radiologists all 
are served best by following the advice of Strunk and White to omit 
needless words. 
David M. Jackson 
Milton Medical Center 
Milton, MA 02186 
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Reply 


Clarity is the hallmark of a good report. What is clear to a fellow 
physician, however, may be cryptic to the reader who does not have 
medical training. Our reports are evaluated not only by physicians 
but also by a variety of laypersons. Peer-review organizations, med- 
ical quality assurance committees, private health care insurers, pa- 
tients, and attorneys may view as essential the words physicians 
deem needless. | think we can place the needs of our patients and 
their physicians first, satisfy lay readers, and not bury the important 
findings among the irrelevant. To accommodate lay readers, | suggest 
we broaden the scope of the narrative section of our reports; to 
uphold our commitment to our patients and their physicians, | suggest 
we apply Dr. Jackson’s thoughtful advice and omit needless words. 

Justin P. Smith 
University Hospital, University of Washington 
Seattle, WA 98195 


Wall Street Entrepreneurs 


| read with interest the article by Dr. Berlin in the September issue 
of AJR [1]. Dr. Berlin expresses pertinent concerns about the role of 
venture capital in the development of imaging centers. He is con- 
cerned also by radiologists’ potential loss of control of their financial 
and Clinical independence. Although not expressed, it appears to be 
implied that the blame is on the venture capitalists who are always 
ready to make a fast dollar. 

Although | agree with the gist of the essay, | suggest that the 
reason that venture capitalists have invested in the field is the lack of 
pertinent training of radiologists by the academic institutions. Al- 
though | have not done a comparative study of every radiologic 
program in the United States, | am familiar with the curricula offered 
by a few of the best known institutions. None of them offers any 
mandatory training in business administration, and the matter is not 
mentioned at any point in the written or oral boards of the American 
College of Radiology. 

The only financial background of newly trained radiologists has 
been their attempts to balance the meager $10,000 to $25,000 per 
year on which they have survived during their medical education. | 
am convinced that any person with an M.B.A. would laugh at the 
idea that such training is anywhere near what is necessary to operate 
a multimillion dollar investment. 
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lf we want radiologists to maintain financial independence, the 
technique is not to fight the venture capitalists but to outsmart them. 
Indeed radiologists have all the advantages mentioned in Dr. Berlin's 
essay, but until they have the faintest idea about the business 
administration involved, they will be unable to understand the deals 
that are offered, let alone make such deals by themselves. 

At a time when residency requirements have been expanded a full 
33% (4 years instead of 3) to allow young radiologists to cope better 
with the current situation, it is urgent that the business aspect of the 
practice of radiology be included in the training. Doing so would 
prevent the unfortunate trend that probably is happening in most 
institutions: The new fourth year is just more of the previous 3 years, 
with little emphasis on new techniques and their repercussions on 
the radiologist’s practice. 

Let us not blame the other guys, and let us be critical of how we 
prepare the new generations of radiologists. How we act will deter- 
mine whether radiologists maintain a certain independence or surren- 
der it to better adapted species. 

Philippe Jeanty 
Vanderbilt University 
Nashville, TN 37232 
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Reply 


My editorial on Wall Street entrepreneurs was directed to radiolo- 
gists, not venture capitalists. If anyone is to “blame” for permitting 
the development of a situation that could have a major adverse 
impact on the financial future of the radiologic profession, it is our 
colleagues themselves. Through disinterest and apathy, they have 
created a business vacuum with regards to the purchase and oper- 
ation of highly expensive technological equipment; the venture capi- 
talists merely step in to fill the existing vacuum. 

Although | have no doubt that Dr. Jeanty is correct in his statement 
that most teaching programs fail to instruct radiology residents ade- 
quately in the “business” of radiology, and although | furthermore 
agree that academic institutions should bolster their programs in this 
area, nevertheless | would not be as quick as Dr. Jeanty is to criticize 
these training institutions for the failure of many of today’s radiologists 
to possess enough business sense to operate an office that contains 
radiologic equipment. Motivation and desire to be one’s own boss 
and to run one’s own professional enterprise must be generated from 
within; they cannot be taught or instilled by a professor. Radiologists 
who readily permit and, in fact, even encourage a nonradiologist 
entrepreneur to do what they themselves should do is guilty not so 
much of lack of knowledge but of complacency. Radiologists who 
are motivated to acquire practical information on the business of 
radiology can seek advice from lawyers, accountants, bankers, or 
business consultants. Local medical societies and local, state, and 
national radiologic organizations schedule a multitude of programs 
and seminars on the business aspects of medicine, including, but not 
limited to, the acquisition and operation of medical imaging centers. 

Radiologists who find themselves at both the professional and the 
financial disposal of venture capitalists who are not radiologists are 
deluding themselves if they blame their predicament on these busi- 
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nessmen or on radiology training programs. The real fault lies with 

radiologists themselves, for failing to seek from the many available 

sources the financial tools they must have to survive and thrive as 
proud members of a distinguished profession. 

Leonard Berlin 

Rush North Shore Medical Center 

Skokie, IL 60076 


Yawning: An Early Manifestation of Vasovagal 
Reflex 


Yawning is defined as “the involuntary act of opening the mouth 
widely, accompanied by deep inspiration, and frequently stretching 
of the arms, shoulders, and chest to assist in the inspiratory act 
followed by relaxation of the muscles involved, usually performed 
when sleepy or bored” [1]. All my life | have been acutely aware of 
the yawns of those about me (e.g., audiences | lecture, fraternizers 
at cocktail parties, my wife). It is this cognizance that led to my 
recognition of yawning as an early sign of a vasovagal reflex or 
reaction. Noxious stimuli (e.g., needle sticks, contrast media, release 
of histamine, rectal distension, fear, and other somatic events) can 
cause the vagal brainstem nuclei to discharge impulses that lead to 
acetylcholine-mediated effects on the arterioles and the sinoartrial 
node, resulting in hypotension and bradycardia. The potentia! seri- 
ousness of these reactions is well documented in the medical litera- 
ture, particularly for patients who have underlying coronary and 
cerebral vascular disease [2]. Many signs and symptoms of vasovagal 
reflex and reaction have been reported: apprehension, restlessness, 
dizziness, faintness, intestinal cramping, nausea, salivation, sweating, 
palpitation, dyspnea, syncope, and unconsciousness [3]. | have no- 
ticed that in most of the vasovagal reflexes or reactions | encounter, 
yawning is the first manifestation. 

According to definition, yawning is caused by sleepiness or bore- 
dom, but | do not think that patients who are undergoing needle 
sticks, angiography, or barium enemas are ever bored, and their 
premedication probably does not make them sleepy. Premedication 
may put them to sleep, but there is no middle ground. So, if a patient 
begins yawning during a barium enema or a breast localization, place 
the patient supine, measure the pulse and blood pressure, elevate 
the patient’s legs or place the patient in the Trendelenburg position, 
open the IV lines, and have the atropine ready. If measures to expand 
fluid volume are not successful (and beware of patients who are in 
heart failure), 0.6-0.8 mg of IV atropine usually will reverse the 
reaction [4]. 

Thomas G. Cronin, Jr. 
St. Francis Hospital 
Evanston, IL 60202 
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Meeting News 


society for Magnetic Resonance Imaging Meeting in San 


Antonio: Notes and Comments 


The 5th annual meeting of the Society for Magnetic Reso- 
nance Imaging (SMRI) was held in San Antonio, TX, February 
27-March 4, 1987. More than 500 participants enjoyed beau- 
tiful weather and Texan hospitality with a distinct Mexican 
flavor. The first 2 days of the meeting were devoted to an 
educational program organized by W. G. Bradley, President- 
Elect of the SMRI. Routine clinical applications in the brain 
and spine were reviewed in detail. Technical developments in 
body imaging, fast-scanning techniques, contrast agents, 
spectroscopy, and socioeconomic issues also were ad- 
dressed by a faculty of 31 well-known researchers who had 
been selected because of their skill as teachers. The educa- 
tional program was complemented by an evening tutorial 
program that consisted of informal clinical case-review ses- 
sions organized by J. Weinreb. Attendees were able to show 
their own interesting or difficult clinical cases and discuss 
artifacts and other practical issues. 

The scientific sessions opened Monday morning with an 
address by the SMRI president, G. D. Fullerton. Each morning 
and afternoon session of the 3-day scientific program began 
with a symposium of invited speakers who reviewed clinical 
neuroradiology, vascular imaging and flow measurement, ar- 
tifacts in body imaging, contrast agents, and clinical applica- 
tions of both spectroscopy and body MR imaging. 

Scientific presentations included 215 oral abstracts and 21 
posters. The program and abstracts have been published as 
a special issue of Magnetic Resonance Imaging (Vol. 5, Suppl. 
1, 1987). The following remarks represent the opinion of a 
single reviewer and are a representative selection of a few 
scientific sessions. 


Clinical Neuroimaging 


Several European groups presented their experience with 
Gd-DTPA-enhanced MR imaging of the brain. Semmler et al. 


correlated MR findings with stereotactic biopsies and con- 
firmed that enhancing areas represent regions of tumor. Markl 
et al. combined fast low-angle shot (FLASH) imaging and fast 
imaging with steady progression (FISP) with Gd-DTPA en- 
hancement in evaluation of the orbit. This technique shortened 
the examination time and produced patterns of contrast en- 
hancement similar to those seen with iodine-enhanced CT; 
meningiomas showed the greatest contrast enhancement. 
Young et al. studied brain hemorrhage by using susceptibility 
mapping techniques and found effects in the range of 0.4-1 
ppm. Regions of infarction showed no changes in suscepti- 
bility when hemorrhage was absent. Measurements from 40 
tumors showed susceptibility effects in one-third of cases. 
Studies of spinal imaging by means of 1.0- and 1.5-T 
systems and gradient-echo techniques were reported by sev- 
eral groups. Kanal et al. found improved visualization of the 
cervical spine when T2-weighted, limited flip-angle gradient- 
echo scans were used as opposed to more time-consuming, 
motion-sensitive, T2-weighted spin echoes. Bellon et al. 
achieved T2 weighting with scan times of 4 min by using the 
hybrid fast-scan technique. Unger et al. showed that images 
obtained at 1.5 T were more sensitive than CT scans for 
detecting tumor involvement of vertebral bodies and in delin- 
eating intraspinal extension of tumor and spinal block. Al- 
though the field of view of MR imaging is limited when 
compared with that of bone scintigraphy, MR imaging may 
be more sensitive for detecting metastatic involvement of 
vertebral bone marrow when clinical findings localize the 
pathologic changes to a given region. Dreisbach et al. found 
good correlation between findings by MR imaging and post- 
traumatic changes such as cystic myelopathy and myelomal- 
acia. In evaluations of patients with acute spinal trauma, 
Bennett et al. found that MR imaging was useful for detection 
of ligamentous injuries, disk protrusions, and epidural hem- 
orrhage. Compression fractures and fragments protruding 
into the canal could be seen, and hemorrhage or transsection 
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of the cord were visualized easily at 1.5 T. Fractures of the 
vertebral body and posterior elements were, however, seen 
better on CT scans than on MR images. 


Vascular Imaging and Flow Measurement 


Nishimura et al. reviewed first-generation subtractive meth- 
ods for projection angiography, including subtraction of im- 
ages gated diastole-systole, subtraction of images rephased 
by using gradient nulling from conventional spin-echo images, 
and subtractive images based on time-of-flight effects by 
varying the region excited with a 180° inversion pulse. Newer 
methods that use a sequence of excitation pulses in conjunc- 
tion with flow-encoding gradients to produce a net excitation 
of flowing blood only, with static material driven back to 
equilibrium, were described by the Stanford electrical engi- 
neering group. Dumoulin et al. emphasized that MR angiog- 
raphy can be performed in a variety of ways. Their work 
emphasized use of a short repetition time (80 msec) and 
multiple excitations to remove artifacts caused by variations 
in blood velocity during the cardiac cycle. Firmin et al. de- 
scribed their studies of using a gradient-echo even-echo 
rephasing technique to image the heart by using short- and 
long-axis views. This technique allowed display of a range of 
flow velocities and accelerations and was applied to quanti- 
tative measurement of flow in and around the cardiac cham- 
bers. Cine loop images with color encoding of flow showed 
temporal variations in flow patterns related to normal opening 
and closing of cardiac valves. Several groups reported that 
cine gradient-echo images (also known as rapid, small flip- 
angle MR imaging or cine MR imaging) were useful in evalu- 
ating aortic insufficiency, mitral insufficiency, and pathologic 
or therapeutic cardiac shunts. As laminar blood flow showed 
a uniform high signal intensity, low-intensity valve leaflets 
were seen readily, and thickening due to myxomatous degen- 
eration or other changes was shown. Turbulent flow appeared 
as a signal void, and regurgitation jets due to valvular incom- 
petence could be seen reliably. Pflugfelder et al. quantitated 
regurgitant fractions by using a modified Simpson method 
and found excellent correlation with echocardiography and 
angiography. 

Haacke et al. described studies in which they used the 
gradient rephasing subtraction technique of MR angiography 
to image pulmonary vessels as small as 1 mm in diameter. 
Use of this technique produced a uniform high signal intensity 
of flowing blood that resulted in the unambiguous identifica- 
tion of airways and absence of the usual spin-echo flow void. 
A method to improve the reliability of the flow void, eliminating 
intravascular signal irregularities and ghosting from vessels, 
was described by Ehman et al. In this procedure, known as 
the FLAK technique, additional gradients and RF pulses ap- 
plied outside the multislice imaging volume were used to 
saturate in-flowing spins. 


Motion Artifacts 


After the scientific symposium dedicated to motion artifacts 
in body imaging, Wood et al. presented a theoretical analysis 
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of the interaction between periodic motion and Fourier imag- 
ing. Bellon and Haacke described a variety of artifacts related 
to motion and defects in the scanning process. The results of 
studies on fast scanning as a method for decreasing the 
effects of motion were presented by several groups. Holland 
et al. emphasized the need for short echo delays to achieve 
adequate signal-to-noise and contrast-to-noise ratios when 
partial-saturation, rapid imaging techniques are used. Split- 
phase encoding and asymmetric sampling methods that allow 
ultrashort TE sequences were described. Wehrli et al. re- 
viewed phase relationships and the effect of residual trans- 
verse magnetization in which short-TR gradient-echo tech- 
niques (GRASS—gradient-refocused acquisition in steady 
State) result in steady-state magnetization that contributes 
significantly to image contrast. In a works-in-progress ses- 
sion, Frahm described the effects that spoiling or refocusing 
residual transverse magnetization (eliminating or establishing 
steady-state transverse coherence) has on image contrast. 

With the current emphasis on high-field imaging and fast, 
multislice scanning techniques, the primary safety concern is 
RF heating of body tissues. Shellock et al. reported a study 
in which they had used a 1.5-T system and a quadrature 
excitation coil to deliver specified whole-body specific absorp- 
tion rates (SAR) and performed thermography of the entire 
body by using a high-resolution system to detect local regions 
of increased heating (hot spots). The results confirmed the 
absence of excessive temperature elevations or abnormal 
distributions of temperatures in association with high-field 
imaging and showed the efficiency of blood flow as a thermal 
regulatory mechanism. 


Contrast Agents 


Clinical applications of Gd-DTPA were described by many 
groups. Scientific sessions that focused on research devel- 
opments emphasized laboratory studies of tissue-specific 
agents. Engelstad et al. compared Fe-HBED and Fe-EHPG, 
two iron complexes that cause tissue-specific enhancement 
of functioning hepatobiliary tissue. Enterohepatic circulation 
was minimal, and Fe-HBED showed a small advantage in 
efficacy. Hardy and Henkelman, as well as Majumdar and 
Gore, presented theoretical models and experimental data 
and elucidated the mechanism of T2 relaxation caused by 
superparamagnetic iron oxide (ferrite) particles used experi- 
mentally for liver imaging. Selective T2 relaxation, cistinct 
from the mechanism of relaxation associated with paramag- 
netic substances, has been attributed to diffusion of protons 
in heterogeneous magnetic-field gradients induced by the 
heterogeneous tissue distribution of iron oxide particles. The 
safety of superparamagnetic iron oxides was emphasized by 
Stark et al., who reported development of a nontoxic, biode- 
gradable formulation. Weissleder et al. described use of su- 
perparamagnetic iron oxide in the detection of focal splenic 
lesions, and Carvlin et al. reported studies of its use in imaging 
renal vascular perfusion. 

In the works-in-progress sessions, Engelstad et al. de- 
scribed a unique approach to the two major problems of 
spectroscopy: spatial localization and signal-to-noise ratio. 
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Pharmacologic localization of tumor tissue was achieved by 
eliminating signal from surrounding normal liver via the T2 
relaxation effects of IV administered superparamagnetic par- 
ticles. 

Schaefer et al. described use of the paramagnetic contrast 
agent manganese-gluconate in contrast-enhanced cardiac im- 
aging in dogs. T2 relaxation enhancement was detected by 
using conventional (TE = 60 msec) gated cardiac images. 
The results showed that normally perfused myocardium had 
a shorter T2 than hypoperfused ischemic zones. Pflugfelder 
et al. reported studies on a new tetraphosphonate chelate of 
manganese that showed tissue specificity and caused pro- 
longed enhancement (20-40 min) of normally perfused myo- 
cardium. 

Many investigators emphasized the need for an oral con- 
trast agent to mark the lumen of the gastrointestinal tract. 
Kornmesser et al. presented the initial clinical experience with 
Gd-DTPA formulated as an oral contrast agent. They admin- 
istered 0.01 mmol Gd-DTPA/kg in mannitol and showed 
substantial, relatively uniform increases in signal intensity of 
small bowel, which could be distinguished then from retro- 
peritoneal structures. 


Spectroscopy 


Ross et al. reported studies in which they used phosphorus- 
31 MR spectroscopy to monitor cerebral energy metabolism 
in patients with hepatic encephalopathy. Spectra from the 
frontal lobes of the brain showed no alteration in intracerebral 
pH but showed a significant reduction in intracerebral inor- 
ganic phosphate (Pi) in patients who had encephalopathy. 
Ross et al. also described spatially localized phosphorous 
spectra from the liver acquired by using a three-dimensional 
phase-depth method. Spectra from the liver clearly could be 
distinguished from spectra localized to superficial muscle. 
Tissue volumes were sufficiently small (8 ml) to allow volume- 
selective mapping of metabolites. Semmler et al. reported a 
study in which they used a clinical 1.5-T imaging system to 
obtain phosphorous spectra with a resolution of 0.5 ppm from 
superficial bone and neuroectodermal tumors. Follow-up 
studies after chemotherapy showed increases in PCr/Pi and 
increases in the sum of PCr + Pi. Alterations of these meta- 
bolic indexes were observed as early as 24 hr after start of 
chemotherapy. Several groups reported on investigations of 
spatially localized in vivo phosphorus spectroscopy of the 
heart. Bottomley et al. used DRESS with complementary 
proton surface-coil images to localize spectra from ischemic 
anterior myocardium in patients who had documented acute 
infarction. Significant reductions in PCr/Pi and elevated Pi/ 
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beta—adenosine triphosphatase were observed. In the works- 
in-progress sessions, Barany et al. described high-resolution 
proton spectroscopy of live human tissues. A 1.5-T clinical 
imaging system was used. Spectra of the brain and liver were 
analyzed, and meticulous assignments were made to major 
resonances, such as fatty acid, and minor resonances, such 
as carnitene, aspartate, glutamine, other amino acids, and 
nucleotides. 


Body Imaging 


Diverse anatomic regions and pathologic conditions were 
reviewed in the scientific sessions. Dietrich et al. compared 
CT, MR imaging, and sonography in the evaluation of abdom- 
inal masses in children. Coronal MR imaging was particularly 
effective because of its large field of view that included the 
entire abdomen and pelvis of small patients; CT was limited 
by the normal absence of fatty-tissue planes in children. 
Spritzer et al. described application of high-field MR imaging 
to the detection of parathyroid tumors. The overall accuracy 
was 90%, which is competitive with established sonographic 
and scintigraphic techniques. Rapoport et al. described ad- 
vantages of MR imaging to visualize the brachial plexus. Many 
groups successfully have used MR imaging to diagnose avas- 
cular necrosis in the hip and elsewhere. Mitchell et al. de- 
scribed the pathognomonic “double line” sign that represents 
the interface between live and dead bone at the periphery of 
lesions of arteriovenous malformation. Knee arthrography, 
performed by using fast-imaging techniques was the subject 
of work-in-progress reports by Froelich and Haggar and by 
Tyrrel and Gluckert. Both groups exploited the short TR of 
GRASS and FLASH techniques to perform three-dimensional 
imaging of the normal and abnormal knee. Because both 
normal knees and those with meniscal tears showed inher- 
ently high tissue contrast, excellent diagnostic results were 
achieved. 

In summary, the SMRI achieved its goal to provide practic- 
ing physicians with a detailed guide for establishing clinical 
indications, insight into laboratory research, and a rational 
basis for evaluating new technology. Scientists in basic re- 
search shared their technical developments in fast imaging, 
vascular imaging, spectroscopy, and development of contrast 
agents. We all eagerly await the 6th annual meeting of the 
SMAI in Boston, February 27—March 2, 1988. 


David D. Stark 
Massachusetts General Hospital 
Boston, MA 02114 
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News 





Selected Topics in Nuclear Radiology— 1988 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Selected Topics in Nuclear Radiology— 
1988, Jan. 25-28, at the Hotel del Coronado, Coronado (San Diego), 
CA. The course is intended to acquaint participants with the latest 
techniques of clinical nuclear imaging. Indications for and details of 
performing these procedures will be stressed. Possible pitfalls in 
interpretation, cost-effectiveness relative to other diagnostic meth- 
ods, and instrumentation needed will be discussed also. A voluntary 
computer-aided self-assessment program will be available for extra 
CME credit. Program director: W. L. Ashburn. Guest faculty: B. D. 
Collier, Jr., |. G. Mena, A. D. Waxman, lan Brown, John Pike, A. H. 
Maurer, H. N. Wellman, Randy White. Category 1 credit: 18.75 hr. 
Fee: physicians, $375; physicians in training and technologists, $275. 
Information: Dawne Ryals, Ryals & Associates, P.O. Box 920113, 
Norcross, GA 30092-0113; (404) 641-9773. 


Diagnostic Ultrasound at Thomas Jefferson 
University Hospital 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is sponsoring the following courses: 
Physics and Instrumentation, Jan. 4-8; Cross-Sectional Anatomy, 
Jan. 11-15; Abdomen, Jan. 18-22; Obstetrics and Gynecology, Jan. 
25-29; and Endorectal/Genitourinary Ultrasound, Feb. 26-27. Pro- 
gram director: Barry Goldberg. Category 1 credits will be awarded. 
Fee: Endorectal/Genitourinary Ultrasound, $450; all others, $575 
each. Information: Judith Superior, Education Coordinator, Thomas 
Jefferson University Hospital, Philadelphia, PA 19107; (215) 928- 
8533. Editor’s note: Incorrect dates were given for the following 
seminars in the December 1986 AJR: Physics and Instrumentation, 
Cross-Sectional Anatomy, and Abdomen. 


Neuroradiology Seminar 


The Dept. of Radiology, Florida Hospital Medical Center, is spon- 
soring Neuroradiology Seminar, Feb. 21, in Orlando, FL. This 1-day 
review course will cover “bread and butter” neuroradiology, with 
special emphasis on CT and MR. The seminar will be directed to 
diagnostic radiologists and to practicing clinicians in neurology, neu- 
rosurgery, and orthopedic surgery. Internists and general surgeons, 
residents, fellows, nurses, and technologists also will benefit from 
the practical approach to common neurologic diseases. Faculty: R. 
Lukin and R. G. Ramsey. Category 1 credits: 7 hr; CEU contact 
hours: 7. Fee: before Jan. 29, physicians, $125; residents, fellows, 


nurses, technologists, others, $50; after Jan. 29, $150 and $75, 
respectively. Information: Rick Mace, Executive Director, Florida 
Heart Institute, 500 E. Rollins, Ste. 101, Orlando, FL 32803; (305) 
897-1575. 


UCSD Imaging and Intervention Conference 


The 7th annual UCSD Imaging and Intervention Conference will be 
presented by the Dept. of Radiology, University of California, San 
Diego, School of Medicine, Feb. 21-24, at the San Diego Marriott 
(formerly the Hotel Inter-Continental), San Diego, CA. The course will 
present topics that are current for radiologists in 1988. Practical 
aspects of imaging and intervention will be highlighted. Program 
directors: Giovanna Casola, G. R. Leopold, and Eric vanSonnenberg. 
Guest faculty: Peggy Fritzsche, Thomas Lawson, and Robert Vogel- 
zang. Category 1 credit: 25 hr. Fee: physicians, $400; physicians-in- 
training and technologists, $275. Information: Dawne Ryals, Ryals & 
Associates, P.O. Box 920113, Norcross, GA 30092-0113; (404) 641- 
9773. 


Aspen Abdominal, Genitourinary, and Interventional 
Radiology Seminar 


The School of Medicine in New Orleans, Louisiana State University 
Medical Center, will present the Aspen Abdominal, Genitourinary, and 
Interventional Radiology Seminar, Feb. 28-March 2, at The inn, 
Aspen, CO. The seminar will focus on advances in imaging techniques 
for the abdomen and genitourinary tract and on advances in tech- 
niques of abdominal interventional radiology. A minisymposium on 
the newest techniques in oncologic genitourinary and abdominal 
assessment and staging will be presented also. The course has been 
approved for Category 1 credit. Program coordinator: E. K. Lang. 
Fee: physicians, $345; students, $295. Information, LSU Continuing 
Education, 1542 Tulane Ave., New Orleans, LA 70112. 


Practical Radiology 1988 


The Dept. of Radiology, University of British Columbia, is sponsor- 
ing their 6th annual postgraduate course, Practical Radiology 1988, 
Feb. 28-March 4, at the Whistler ski resort near Vancouver, B. C. 
Guest faculty: Peter Cockshott, Giles Stevenson, W. J. Dodds, Ed- 
ward Stewart, R. M. Gore, T. C. McLoud, Albert Moss, James Nelson, 
Charles Rohrmann, and William Thompson. Category 1 credit: 21 hr. 
Fee: physicians, $350 (U. S.) or $450 (Canadian); residents and 
fellows, $225 (U. S.) or $300 (Canadian). Information: H. J. Burhenne, 
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M.D., Dept. of Radiology, University of British Columbia, 10th Ave. 
and Heather St., Vancouver, B. C. Canada V5Z 1M9; (604) 875- 
4355. 


Neuroradiology Update/MR Imaging 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present the following course: Neuroradiology Update, 
March 7-10; Magnetic Resonance Imaging, March 7-11; and MRI 
for Technologists, March 8-11; at the Hotel del Coronado, Coronado 
(San Diego), CA. The course is designed for physicians and allied 
health personnel. It will highlight the physical basis of MR imaging 
and clinical applications. A description of MR systems and discussion 
of the fundamentals of imaging contrast will provide participants with 
a basic understanding of MR imaging. Program director: J. R. Hes- 
selink; associate director, R. F. Mattrey. Guest faculty: W. G. Bradley, 
Jr., M. N. Brant-Zawadzki, R. C. Brasch, Michele Cain, K. R. Davis, 
C. B. Higgins, and G. H. Mink. Category 1 credit: up to 28 hr. Fee: 
combined course: physicians, $425, residents and technologists, 
$325; neuroradiology course: $350/$250; MR imaging course: $400/ 
$250. Information: Dawne Ryals, Ryals & Associates, P. O. Box 
920113, Norcross, GA 30092-0113; (404) 641-9773. 


Skeletal Radiology at the Pointe— 1988 


The Dept. of Diagnostic Radiology, Allegheny General Hospital, 
will present the 5th annual course on skeletal radiology, March 19- 
24, at the Pointe Resort, Phoenix, AZ. The course will cover a variety 
of topics, including bone and soft-tissue tumors and the multidiscipli- 
nary approach to their management, osteoporosis, skeletal-derma- 
tologic problems, foot and ankle radiology, bone biopsy, lumbar facet 
block, musculoskeletal trauma without fracture or dislocation, spinal 
stability, skeletal MR imaging, shoulder cross-sectional imaging, and 
metabolic bone disease. Guest faculty: J. M. Destouet, J. M. Harrel- 
son, J. P. Lawson, R. A. McLeod, M. J. Pitt, and D. J. Sartoris. Fee: 
practicing physicians, $450; residents, fellows, and retirees, $250. 
Category 1 credit: 20 hr. Information: Sandra Johnston, Dept. of 
Continuing Education, Allegheny General Hospital, 320 E. North Ave., 
Pittsburgh, PA 15212-9986; (412) 359-4952. 


Thoracic Imaging ’88 


The Society of Thoracic Radiology will present Thoracic Imaging 
'88, March 27-31, at the Willard Inter-Continental, Washington, DC. 
The course has two parts. The scientific sessions will be devoted to 
the development of new knowledge and hypotheses. The postgrad- 
uate course is designed to expand and refine the diagnostic abilities 
of participants by providing up-to-the-minute reviews and analyses 
of image characteristics of a wide spectrum of diseases and by 
describing the best available methods for arriving at a correct diag- 
nosis. Program director: E. N. C. Milne. Category 1 credit: 32 hr. Fee: 
physicians, $425; residents, fellows, and technologists, $275. Infor- 
mation: Dawne Ryals, Ryals & Associates, P.O. Box 920113, Nor- 
cross, GA 30092-0113; (404) 641-9773. 


Real-Time Ultrasound in Obstetrics and 
Gynecology 
The Dept. of Radiology and the Office of Continuing Medical 


Education, The University of Michigan Medical School, will sponsor 
Real-Time Ultrasound in Obstetrics and Gynecology, April 18-20, at 
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the Towsley Center, The University of Michigan, Ann Arbor, MI. The 
course is intended for those who have little or no previous experience 
with real-time sonography and who either have or are contemplating 
acquisition of a real-time sonographic unit for their practice. Morning 
lectures will emphasize a broad range of basic and advanced obstetric 
and gynecologic topics. For the afternoon sessions, course regis- 
trants will be divided into groups of five according to skill level for 
hands-on scanning of selected patients. Enrollment is limited to 30 
registrants. Category 1 credit: 20 hr. Information: Gayle Fox, Office 
of Continuing Medical Education, Towsley Center, Box 0201, The 
University of Michigan Medical School, Ann Arbor, MI 48109-0201; 
(313) 763-1400. 


Oncologic Imaging Update Course 


The Dept. of Radiology and the Office of Continuing Medical 
Education, University of Florida, will sponsor the 1st annual Oncologic 
Imaging Update Course, April 29-May 1, at Amelia Island Plantation, 
Amelia Island, FL. This weekend program will provide a comprenen- 
sive update and practical approach to imaging in oncology. Recent 
advances in multi-modality imaging and the impact on rational diag- 
nosis, staging, and management will be stressed. Course directors: 
P. R. Ros and J. L. Williams. Guest faculty: M. Viamonte. Category 
1 credit: 17 hr. Fee: physicians, $250; residents, $200 (letter required). 
Information: Office of Continuing Medical Education, Box J-233, JHM 
Health Center, Gainesville, FL 32610; (904) 392-3143 or 392-3183. 


CT, MR Imaging, and Radiologic Technologist 
Program 


The Dept. of Radiology and the Office of Continuing Medical 
Education, The University of Michigan Medical School, are sponsoring 
a course entitled Computed Tomography and Magnetic Resonance 
Imaging and Radiologic Technologist Program. The course will be 
held May 4-6 at the Towsley Center of The University of Michigan, 
Ann Arbor, MI. It will review current techniques and applications of 
body CT and present the most up-to-date information on MR imacing, 
including uses in the CNS. A series of didactic lectures will be 
interspersed with workshops. A day-long program specifically for 
technologists will be presented May 6. It will include lectures and 
hands-on demonstrations. Category 1 credit: 22.5 hr. Information: 
Betty Phillips, Office of Continuing Medical Education, Towsley Cen- 
ter, Box 0201, The University of Michigan Medical School, Ann Arbor, 
MI 48109-0201; (313) 763-1400. 


Practical Radiology Review Course 


The Dept. of Radiology of the University of Cincinnati College of 
Medicine will present the New Revised Practical Radiology Review 
Course, May 16-20. Radiation physics and nuclear medicine will be 
included. The course is open to radiologists and radiology residents. 
Category 1 credits: approval pending. Fee: $350. Information: Dr. H. 
B. Spitz, Dept. of Radiology, University Hospital, 234 Goodman St., 
M.L. 742, Cincinnati, OH 45267. 


Copenhagen Symposium on Detection of Breast 
Cancer 
The 4th International Copenhagen Symposium on Detection of 


Breast Cancer will be held at Gentofte Hospital, The County Hospital 
of Copenhagen, University of Copenhagen, Aug. 24-26. Information: 
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Chief of Radiology, dr. med. Sam Brunner, KAS Gentofte, Roentgen- 
afdelingen, DK-2900 Hellerup, Denmark; or Chief of Radiology, lec- 
turer Bent Langfeldt, Roentgenafdelingen, Aarhus Amtssygehus, DK- 
8000 Aarhus, Denmark. 


Conference on Dose, Time, and Fractionation in 
Radiation Oncology 


The 3rd International Conference on Dose, Time, and Fractionation 
in Radiation Oncology will be held Sept. 14-17 at the Inn on the Park, 
Madison, WI. The topic of the conference will be Prediction of 
Response in Radiation Therapy: The Physical, Biological, and Analyt- 
ical Basis. The conference is a joint presentation by the American 
Association of Physicists in Medicine and the University of Wisconsin, 
Dept. of Human Oncology. Information: Bhudatt Paliwal, Ph.D., Con- 
ference Chairman, Dept. of Human Oncology and Medical Physics, 
University of Wisconsin, 600 Highland Ave., K4/B 100, Madison, WI 
53792; (608) 263-8500. 


Northern California Radiological Society Officers 


The Northern California Radiological Society has elected the follow- 
ing officers for the period June 1987 through May 1988: president, 
John McGahan; president-elect, Michael Norton; secretary-treasurer, 
Mark Schneider; program director, Jeff Janes. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 6-7, 1988, and Oct. 5-6, 1989. Oral exami- 
nations will be held at the Executive West Hotel in Louisville, KY, on 
May 23-27, 1988, and June 5-9, 1989. The ABR will accept appli- 
cations for admission to the examinations after July 1, but not later 
than Sept. 30, in the year preceding the year in which the examination 
is to be taken. For application forms and further information: Office 
of the Secretary, The American Board of Radiology, 300 Park, Ste. 
440, Birmingham, MI 48009. 


Correction: Palm Beach Magnetic Resonance 
Imaging Update 


A correction should be made in the Sept. 1987 issue of AJR 
concerning the Palm Beach Magnetic Resonance Imaging Update. 
The name of the hotel is the Pa/m Hotel. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Visiting Fellowships in MR Imaging, times arranged, San Diego, CA 
(Aug) 

Preceptorships in Imaging and Interventional Radiology, 1987- 
1988, times arranged, San Diego, CA (Dec) 

Delaware Valley Magnetic Resonance Imaging Society Monthly 
Meetings, continuing through May 1988, Philadelphia (Dec) 
Congress of the Indian Radiological and Imaging Association, 
Jan. 14-16, Coimbatore, India (June) 

Advanced Seminars in Diagnostic Imaging, Jan. 14-17, Laguna 
Niguel, CA (Nov) 
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The Society of Gastrointestinal Radiologists Meeting and Post- 
graduate Course, Jan. 16-20, Nassau, Bahamas (July) 

Chest Imaging, Jan. 18-21, Coronado, CA (Nov) 

Duplex Imaging, Jan. 21-23, San Diego, CA (Oct) 

Armed Forces Institute of Pathology Courses: AFIP Neuroradiol- 
ogy Review Course, Jan. 23-24, Bethesda, MD; AFIP Neuro- 
pathology Course, begins Jan. 25, Bethesda, MD (Nov) 

Los Angeles Radiological Society Midwinter Conference, Jan. 29- 
31, Los Angeles (Nov) 

Neuroimaging Update, 1988, Jan. 31—Feb. 5, Paradise Island, Ba- 
hamas (Nov) 

Uroradiology ’88, Feb. 1-4, Orlando, FL (Nov) 

Breast Imaging 1988, Feb. 1-5, St. Thomas, U.S. Virgin Islands 
(Sept) 

Los Angeles Radiological Society Post Conference Seminar, Feb. 
2-6, Kaanapali, Maui, HI (Nov) 

International Congress on Interventional Radiology in Cardio- 
Vascular Diseases, Feb. 3-5, Toulouse, France (Sept) 
Thermography in Neuromusculoskeletal Disorders, Feb. 6-7 and 
April 16-17, New York (Dec) 

Intermountain Imaging Conference, Feb. 6-13, Steamboat Springs, 
CO (Nov) 

12th Annual Big Sky Radiology Conference, Feb. 7-12, Great Falls, 
MT (Sept) 

Vascular Imaging and Interventional Radiology at Snowbird, Feb. 
7-12, Snowbird, UT (Nov) 

Uroradiology Course, Feb. 10-11, Bethesda, MD (Nov) 

Practical Aspects of Diagnostic Radiology/Medical Imaging, Feb. 
13-19, Snowmass Village, CO (Dec) 

Sun Valley Imaging, Feb. 13-20, Sun Valley, ID (Nov) 

Diagnostic Radiology and Nuclear Medicine, Feb. 14-21, St. 
Thomas, U.S. Virgin Islands (Oct) 

Palm Beach Magnetic Resonance Imaging Update, Feb. 15-17, 
West Palm Beach, FL (Sept, amended this issue) 

Winter Imaging Seminar, Feb. 15-19, Cancun, Mexico (Dec) 
Computed Body Tomography 1988—The Cutting Edge, Feb. 18- 
21, Orlando, FL (Nov) 

Radiology in Seville, Feb. 20-27, Seville, Spain (Oct) 

Vail Winter Imaging Seminar IV, Feb. 21-28, Vail, CO (Dec) 
Comprehensive Update: Neuroradiology, Body Imaging, and 
Mammography, Feb. 22-27, Acapulco, Mexico (Nov) 

Vascular Imaging and Interventional Radiology at Park City, Feb. 
28-March 4, Park City, UT (Nov) 

National Conference on Breast Cancer, Feb. 29-March 4, Los 
Angeles (Nov) 

Annual Skeletal Symposium, Feb. 29-March 4, Sun Valley, ID (Dec) 
Annual Course of the Society of Computed Body Tomography, 
Feb. 29-March 4, Monterey, CA (Dec) 

The George Simon Award, deadline for receipt of papers, March 1 
(Dec) 

Doppler Ultrasound in the Canadian Rockies, March 4, Banff 
Springs Hotel (Dec) 

Masters Diagnostic Radiology Conference, March 6-11, Maui, HI 
(Oct) 

The Lyon Conference: Computer Science and Life, March 10-12, 
Lyon, France (Nov) 

Diagnostic Imaging Down Under, March 12-27, Auckland, New 
Zealand; Sydney and Melbourne, Australia (Oct) 

Imaging Living Brain Chemistry, March 17-18, Baltimore, MD (Dec) 
Pediatric Radiology 1988, March 17-19, Philadelphia (Sept) 
Ultrasound at Vail, March 19-25, Vail, CO (Nov) 

International Diagnostic Course: Skeletal Radiology, March 19- 
26, Davos, Switzerland (Dec) 

Society of Cardiovascular & Interventional Radiology Meeting, 
March 21-24, Orlando, FL (Nov) 
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The Society of Thoracic Radiology—Annual Postgraduate 
Course, March 27-31, Washington, DC (July) 

International London Course in Whole Body Computed Tomog- 
raphy, March 27-31, Perthshire, Scotland (Nov) 

Neuroradiology at Vail, March 28-April 1, Vail, CO (Dec) 

National Council on Radiation Protection and Measurements An- 
nual Meeting, March 30-31, Washington, DC (Dec) 

Spanish Radiology Seminar, April 3-8, Miami Beach, FL (Oct) 
Southern California Chapter of the American Association of Phy- 
sicists in Medicine Spring Seminar, April 20-22, Las Vegas, NV 
(Dec) 

International Symposium of the Planning of Radiological Depart- 
ments, April 20-23, Florence, Italy (Sept) 
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Practical Interventional Radiology April 25-28, Boston, MA (Oct) 
Imaging the CNS, April 25-29, Tucson, AZ (Nov) 

Radiology Review Course, May 1-6, Miami, FL (Dec) 

Fleischner Society Symposium on Chest Disease, May 16-18, 
Montreal, Quebec (Dec) 

International Workshop for the Study of Vascular Anomalies, June 
20-22, Hamburg, Germany (Nov) 

European Congress of NMR in Medicine and Biology, June 23- 
25, Berlin, Germany (Oct) 

Bowman Gray Abdominal Radiology Fellowship, begins July 1, 
Winston-Salem, NC (Nov) 

International Symposium on Magnetic Resonance Imaging, Dec. 
14-16, New Dehli, India (Oct) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory I credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 
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American Roentgen Ray Society: 
Officers, Committees, and Meeting Information 


Officers 


President: Raymond A. Gagliardi 

President-elect: Lee F. Rogers 

1st Vice-president: Gerald D. Dodd 

2nd Vice-president: Rosalind H. Troupin 

Secretary: Glen W. Hartman 

Treasurer: Ronald G. Evens 

Executive Council: E. Gedgaudas, J. F. Wiot, L. F. 
Rogers, R. A. Gagliardi, R. G. Evens, R. N. Berk, F. L. 
Angell, J. E. Madewell, M. P. Capp, G. W. Hartman, B. 
G. Brogdon, R. H. Troupin, G. R. Leopold, G. D. Dodd, 
A. K. Poznanski, A. E. James, Jr., J. T. Ferrucci, Jr., T. 
C. Beneventano, E. J. Ferris, J. A. Kirkpatrick, Jr., 
chairman 


Committees 1987-1988 


Editorial Policy: S. S. Sagel, W. J. Casarella, C. A. 
Rohrman, Jr., N. C. Whitley, S. V. Hilton, J. M. Taveras, 
R. N. Berk, M. P. Capp, chairman 

Education and Research: C. E. Putman, A. R. Mar- 
gulis, B. J. Hilman, R. A. McLeod, B. G. Brogdon, 
chairman 


Finance and Budget: B. P. Wood, L. R. James, A. K. 
Poznanski, A. E. James, Jr., F. L. Angell, chairman 
Nominating: A. K. Poznanski, E. Gedgaudas, G. H. 
Ghahremani 

Publications: W. J. Casarella, S. S. Sagel, N. C. Whit- 
ley, C. A. Rohrmann, Jr., M. P. Capp, chairman 


Membership: E. J. Ferris, G. R., Leopold, A. K. Poz- 
nanski, A. E. James, Jr., chairman 


Representatives to Other Organizations 


American Board of Radiology: E. C. Klatte, L. F. 
Rogers, T. C. Beneventano 


American College of Radiology: L. F. Rogers, G. A. 
Kling, R. A. Gagliardi, J. M. Dennis, E. J. Ferris, J. E. 
Madewell 


American Medical Association House of Delegates: 
S. F. Ochsner, K. L. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Mea- 
surements: E. L. Saenger, H. L. Friedell 


Meeting Arrangements 


Annual Meetings: May 8-13, 1988, Hilton, San Fran- 
cisco; May 7-13, 1989, Hilton, New Orleans; May 13- 
18, 1990, Sheraton Washington, Washington, DC 


Annual Meeting Committee: H. C. Carlson, G. P. 
Janetos, E. K. Lang, R. R. Lukin, T. C. Beneventano, 
chairman 


Instruction Courses: R. A. McLeod, associate chair- 
man, J. T. Ferrucci, Jr., chairman 


Scientific Program: R. J. Alfidi, A. E. Robinson, J. H. 
Thrall, M. P. Banner, J. J. Gisvold, T. C. McLoud, E. 
Buonocore, R. M. Gore, J. J. Kaye, L. F. Rogers, 
chairman 


Scientific Exhibits: K. H. Vydareny, A. V. Proto, S. M. 
Goldman, J. E. Madewell, chairman 


ARRS Membership 


An application form is printed on pages 219-220 in 
this issue of the Journal. For consideration at the 1988 
ARRS meeting, send completed forms before February 
1, 1988, to Paul Fullagar, administrative director, Amer- 
ican Roentgen Ray Society, 1891 Preston White Dr., 
Reston, VA 22091. Active members are graduates of 
an approved medical school or hold an advanced de- 
gree in an allied science. They must practice radiology 
or work in an associated science in the United States 
or Canada and be certified by the American Board of 
Radiology or the Royal College of Physicians of Canada 
or otherwise adequately document training and creden- 
tials. Corresponding members are foreign radiologists 
or scientists who are active in radiology or an allied 
science. Members-in-training are residents or fellows in 
radiology or postgraduate students in an allied science. 
Additional application forms can be obtained from the 
ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, administrative director, American Roent- 
gen Ray Society, 1891 Preston White Dr., Reston, VA 
22091; (703) 648-8900 
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Invitation to Membership in the American Roentgen 


Ray Society 


During the American Roentgen Ray Society’s (ARRS) 1985 
meeting in Boston, society members approved several fun- 
damental changes in the membership application process and 
created a new category of membership: members-in-training. 
Also, active members are no longer required to document 
contributions to radiology by way of teaching or scientific 
publications. 


Active Membership 


Candidates for active membership must be graduates of 
an approved medical school or hold an advanced degree in 
one of the physical, chemical, or biological sciences. Each 
must be board certified and active in the practice of radiology 
or one of its branches in the United States or Canada. 
Applicants must be endorsed by two members of the ARRS, 
not necessarily residents of the same community. 


Members-in-Training 


The new members-in-training membership category is re- 
served for physicians in a radiology residency or a postresi- 
dency program approved by the Radiology Residency Review 
Committee of the American Council of Graduate Education 
and for postgraduate students in allied sciences. The status 
is limited to a maximum of 5 years, starting with the entrance 
date into the radiology residency. In the fifth or last year, 
members-in-training are eligible for transfer to active mem- 
bership. 


Corresponding Members 


Corresponding members shall be physicians and/or scien- 
tists residing in foreign countries who are active in the science 
of radiology or allied sciences and who are in good ethical 
Standing in the respective countries. They shall pay dues, but 


shall not have the privilege of voting nor of holding elective 
office. They may be members of special committees. 


Dues and Initiation Fees 


A new schedule of fees and dues has been established. 
Initiation fee for active members is $50. There is no initiation 
fee for members-in-training. Annual dues for active and cor- 
responding members are $125, payable on January 1 of each 
year. The dues payment includes a 1-year subscription to the 
American Journal of Roentgenology (AJR) and waiver of the 
annual meeting registration fee. Dues for members-in-training 
are $25 and include a year’s subscription to the AJR and 
waiver of meeting fees. AJR subscription rates for domestic 
nonmembers will be $100 for 1988. The resident subscription 
rate will remain $25 for residents who do not elect to become 
members-in-training. Nonmember residents will have a $25 
meeting registration fee. 

A membership application form is on the following pages. 
Applications for active membership should be received by 
February 1 for action during the annual meeting in May. 
Members-in-training will be eligible for membership upon re- 
ceipt and processing of the completed application form and 
dues. 

Initiation fees and dues should not accompany the appli- 
cation, but are payable after election upon notice by the 
secretary. In-training applicants should submit their dues with 
their applications. 

The American Roentgen Ray Society continues to be a vital 
force in providing an educational forum for the radiologic 
community. As it embarks on a program of a broader base of 
membership, we cordially welcome all those who are eligible. 
Thus, | urge you to complete the application and forward it to 
Paul Fullagar, Administrative Director, ARRS, 1891 Preston 
White Dr., Reston, VA 22091 

Glen W. Hartman 
Secretary 


American Roentgen Ray Society Membership Application 

















Date Category (check one) O Active 

O Corresponding 

O In-Training 
Name (in full) Age 
Address & zip code Date of birth 
en ee ee eee «TO 
Education Institution Years Degree/Type 
Undergraduate: ee ee 

II i i i: 

Graduate: ee er ee eee ne ee ee ee Se 
(medical school, 
graduate school, 
etc.): 
Postgraduate: I 
(internship, 
residency, 


fellowship, etc.): 


OO 


in 


Licensed to practice 
(type) (state, province, etc.) 





Active and corresponding membership applicants, complete this section and top of reverse side. In-training applicants, turn to middle of 
reverse side. 


Practice limited to radiology or one of its branches for years, since (date) 








Present appointments: Academic ————<—<—<$_$_$_$_$_$ 
I 
Hospitals 
III 
Membership in scientific societies: ——————————————————————— 
mm Immm 
Offices or committee memberships in scientific societies: ——— — — — — — — ——— 
m m mmm Immm 


Government service (military, civilian): —— — — — — ——————————— 


Credentials 
| hereby certify that | was issued a certificate of qualification in — ———— 
by the 


(The American Board of Radiology, the Royal College of Canada, or some other medical specialty organization) 
(continued) 


Other credentials: 


Signature 


We, active members in good standing of the American Roentgen Ray Society and personally acquainted with the applicant, do recommend him/ 
her for Active Membership in the society. Two references are required. 


Name (print/type) 


Address 


Signature 


In-training applicants must complete this section. 


Credentials 
| certify that | am serving as a resident/fellow in 


OU eee DO Program Deas (began) is 

(institution) 
Sa a ta NONI a UES IN ae I G 
membership is limited to a maximum of 5 years and in my last year | may transfer to active membership. 


Signed 


Program director or department chairman (name and address) 


Training director’s certification 


| certify that this applicant is a trainee at the institution named above and qualifies for enrollment as a member-in-training of the American 
Roentgen Ray Society. 


CC, EEE es 


Address 


General Information 


Candidates for Active Membership 


1. An active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical, or biological sciences and be 
certified by the American Board of Radiology or the Royal College of Physicians of Canada, or document training and credentials that are adequate to qualify for 
membership. Active members shall actively practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in 
all activities of the society, including membership on committees, and have full voting privileges. 

2. Application must be on an official form, signed by the applicant and at least two active members of the American Roentgen Ray Society, in good standing, who 
endorse the applicant. 

3. Initiation fee is $50. 

4. Annual dues are $125, payable on January 1 of each year. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning 
with the July issue for the year following election to membership. 

5. Application must be received by February 1 for action during the 1988 meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency or a postresidency fellowship program approved by the Radiology Residency Review Committee of 
the American Council of Graduate Medical Education or be a postgraduate student in an allied science. Training status must be verified by the program director. 
In-training members cannot hold offices in the society or vote. 

2. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 

3. In-training status is limited to a maximum of 5 years starting with the entrance date into the radiology residency. In the fifth year, each in-training member will 
receive an application for transfer to active membership from the society secretary. Those who do not apply for transfer to active membership shall be dropped 
from membership at the end of the fifth year or last year. 

4. There is no initiation fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and admission to the annual 
meeting without registration fees. 

5. Membership applications will be acted on when received. 


All Applicants 


1. Do not remit initiation fee or dues until requested by the secretary (except for in-training applicants, who should submit dues with applications). 
2. Send completed forms to: Paul Fullagar 

Administrative Director 

American Roentgen Ray Society 

1891 Preston White Dr. 

Reston, VA 22091 


Classified Advertisements 


Positions Available 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


NEURORADIOLOGY OPENINGS—The Dept. of 
Radiology, Ottawa General Hospital, University of 
Ottawa, requires a Chief of the Neuroradiology 
Service and an additional neuroradiologist. This 
is a newly built university teaching hospital of 530 
beds, with an extremely well equipped modern X- 
ray dept. There is a Philips Angiodiagnost on 
which approximately 500 cerebral angiograms are 
performed annually, 2 CAT scanners (EMI brain 
scanner, about to be replaced, and a GE 9800 
body scanner), and a 1.5-T Siemens MRI unit. In 
addition, there is a unique opportunity for work- 
ing in the field of NMR spectroscopy with the MR 
Spectroscopy Unit of the National Research 
Council of Canada, which has an international 
reputation. Candidates should be experienced in 
all aspects of neuroradiology, preferably including 
interventional neuroradiology. Previous experi- 
ence in MRI preferable, but not essential. Income 
is based on a fee-for-service arrangement. In ac- 
cordance with Canadian Immigration require- 
ments, priority will be given to Canadian citizens 
and permanent residents of Canada. Applications 
should be sent to Director, Dept. of Radiology, Ot- 
tawa General Hospital, 501 Smyth Rd., Ottawa, 
Ontario, Canada K1H 8L6; (613) 737-8511. 1a 


ANGIOGRAPHY /INTERVENTIONAL RADIOLO- 
GIST—Board-certified radiologist with fellowship 
training in angiography/interventional radiology 
for position beginning July 1, 1988. Angiography/ 
Interventional Radiology is an advanced, active 
section with state-of-the-art equipment and em- 
phasis on interventional procedures. 612-bed 
teaching hospital. Radiology group is an academ- 
ically-oriented private practice. Send inquiries to 
Harvey L. Neiman, M.D., Chairman, Dept. of 
Radiology, The Western Pennsylvania Hospital, 
4800 Friendship Ave., Pittsburgh, PA 15224. 11-1a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP is in need of new associate approxi- 
mately January to July 1989. Must be board cer- 
tified to become partner. Would prefer multi- 
talented background including interventional 
radiology, nuclear medicine, ultrasound, CT, and 
MAI experience. Ability to speak Spanish helpful 
but not required. Our group covers 4 hospitals in- 
cluding regional trauma center and 2 offices. 
Located in The Sparkling City by the Sea. Kindly 
send CV to Donald R. Brieger, M.D., or R.P. 
Chepey, M.D., 2481 Morgan, P.O. Box 5608, 
Corpus Christi, TX 78405. 11-2a 


SEEKING BOARD-CERTIFIED RADIOLOGIST 
for a 40-bed health-care facility in Haily, ID. Bill- 
ing service available. Progressive medical com- 
munity. Located just 10 mi from Sun Valley, ID. For 
further information contact David Farnes, Ad- 
ministrator, Blaine County Medical Center, P.O. 
Box 927, Haily, ID 83333; (208) 788-2222. 1-2a 


NEW YORK CITY SUBURBAN PRACTICE seeks 
board-certified radiologist, part-time. Hands-on 
ultrasound skills essential. Solid imaging knowl- 
edge. Personality counts. Grow to full-time. CV to 
Box 18, Meacham Station, Elmont, NY 11003. 
1-2a 


BC/BE GENERAL DIAGNOSTIC RADIOLOGY 
ASSOCIATE needed for 130-bed acute-care 
hospita! practice. Proficiency in all modalities ex- 
cept MRI required. Locum tenens assistance 
desired until a permanent associate is obtained. 
Send CV and 3 references with initial letter of in- 
quiry to Office Manager, P.O. Box 5046, Rancho 
Mirage, CA 92210. 12-1ap 


RADIOLOGIST TO SHARE PRACTICE with 1 
other in an 81-physician group practice clinic. Suc- 
cessful applicant will be board certified or eligi- 
ble and have expertise in CT, ultrasound, and 
mammography. The clinic is located in north cen- 
tral Illinois. Chicago and Milwaukee are within 2-hr 
drives. Send CV in confidence to Richard A. 
Mueller, Director Human Resources, Rockford 
Clinic, 2300 N. Rockton Ave., Rockford, IL 61103. 
Equal opportunity employer m/f/h. tap 


CT AND ULTRASONOGRAPHY—We are seek- 
ing a board-certified radiologist with fellowship 
training in CT and ultrasonography to join a thriv- 
ing section in a busy University Hospital. The in- 
dividual should have a proven background in 
teaching, research, and patient care. The section 
includes state-of-the-art CT scanners and ultra- 
sound equipment. Currently, there are 4 full-time 
faculty and 2 fellows in the section. Stony Brook 
is located on the highly desirable North Shore of 
Long Island, with convenient access to New York 
City. The medical center provides the benefits of 
academic practice in a suburban setting. Please 
send CV to Jeffrey R. Crass, M.D., Associate Pro- 
fessor, Dept. of Radiology, Health Sciences Center, 
Level 4, Room 147, State University of New York 
at Stony Brook, Stony Brook, NY 11794-8460. 
SUNY Stony Brook is an affirmative action/equal 
opportunity educator and employer. 1a 


NEW ENGLAND MEDICAL CENTER-TUFTS 
UNIVERSITY SCHOOL OF MEDICINE is seek- 
ing a radiologist in the General Radiology Sec- 
tion. The candidate should have expertise in bone 
radiology and a desire to participate in all 
modalities of bone and joint imaging including 
contrast arthrography. The candidate should also 
have an interest in orthopedic radiology. The 
hospital is a 469-bed (112 pediatric) hospital and 
the principal teaching affiliate of Tufts University 
School of Medicine. The candidate should be 
eligible for a faculty position at the medical 
school. Please direct inquiries and CV to Robert 
C. Sarno, M.D., Dept. of Radiology, New England 
Medical Center Hospitals, 750 Washington St., 
Boston, MA 02111. 1-2ap 


DIAGNOSTIC RADIOLOGIST—Board-certified 
radiologist with training in MRI and neuroradi- 
ology needed for 5-radiologist group in suburban 
NJ, 15 mi from New York City. Practice includes 
400-bed hospital and 3 private offices including 
CT and 2 MRI units. Expertise in MRI and general 
diagnostic radiology essential. Position leading to 
partnership. Please send CV to R.F. Mattern, 
M.D., 116 Park St., Montclair, NJ 07042. 1a 


THE DEPT. OF RADIOLOGY, UNIVERSITY 
HEALTH CENTER OF PITTSBURGH, is seeking 
staff radiologists with interest, training, or ex- 
perience in chest, skeletal, and/or general 
radiology. Positions are available at the Assistant 
or Associate Professor level and include oppor- 
tunities in research and teaching. Please forward 
CV to Richard E. Latchaw, M.D., Interim Chair- 
man, Dept. of Radiology, 3508 Fifth Ave., Pitts- 
burgh, PA 15213. 1a 


BAYLOR COLLEGE OF MEDICINE, DEPT. OF 
RADIOLOGY, is seeking a diagnostic radiologist 
for the position of Director of Radiologic Educa- 
tion. The physician will be responsible for super- 
vising training of 28 residents and 4 postdoctoral 
fellows in the 8 affiliated hospitals with some 5000 
beds. Clinical responsibilities will be tailored to 
provide sufficient time for teaching and research. 
Applicants must be certified by the American Board 
of Radiology and have demonstrated academic 
leadership. Appointment level will be Associate 
Professor or Full Professor, according to creden- 
tials. Salary is negotiable. Submit CV and 3 ref- 
erences to James E. Harrell, M.D., Professor and 
Chairman, Dept. of Radiology, Baylor College of 
Medicine, One Baylor Plaza, Houston, TX 77030. 
Baylor College of Medicine is an equal oppor- 
tunity/affirmative action employer. 1-2a 


THERE IS AN UNEXPECTED OPENING FORA 
NEURORADIOLOGIST beginning immediately at 
the University of Massachusetts Medical Center, 
a 355-bed teaching hospital located about 35 mi 
west of Boston. The university hospital is a 
general hospital that includes busy neurosurgical 
and neurologic services and a neuroradiology 
residency program. All current aspects of clinical 
neuroradiology, and head and neck rad ology in- 
cluding MRI, CT, angiography, myelography, poly- 
tomography, and plain film diagnosis are Gone at 
the institution. The radiology dept. is modern and 
well equipped with 2 GE CT scanners (8800 and 
9800), as well as a GE 1.5-T MRI scanner and a 
second 2.0-T research unit. For further informa- 
tion please contact Edward H. Smith, M.D., Pro- 
fessor and Chairman, Dept. of Radiology, Univer- 
sity of Massachusetts Medical Center, 55 Lake 
Ave. N., Worcester, MA 01655; (617) 856-3252. 
The University of Massachusetts Medical Center 
is an equal opportunity/affirmative action 
employer. tap 


DIRECTOR OF RADIOLOGY—A 200-bed specialty 
hospital that is affiliated with a prestigious medical 
school is seeking a board-certified radiologist to 
direct the activities of our Radiology and Nuclear 
Medicine Dept. This position requires an indivi- 
dual with strong clinical and teaching skills, as 
well as demonstrated administrative abi ity. Com- 
pensation includes a base salary commensurate 
with experience and ability, private practice bill- 
ing plan, and a comprehensive benefits program. 
This is an excellent opportunity for a highly 
qualified radiologist to join the staff of a well- 
respected, progressive, and innovative institution 
located on Manhattan’s upper East Side. Qualified 
candidates should reply in confidence to Admini- 
stration Office, Chairman of The Search Com- 
mittee, The Hospital for Special Surgery, 535 E. 
70th St., New York, NY 10021. 1-2a 


THE DEPT. OF RADIOLOGY, VIRGINIA COM- 
MONWEALTH UNIVERSITY/MEDICAL COL- 
LEGE OF VIRGINIA, Richmond, VA, seeks 
qualified individuals for faculty positions in 
diagnostic radiology. Must be ABR-certified or 
eligible. Academic rank and salary commensurate 
with experience. Submit CV to P.R.S. Kishore, 
M.D., Chairman, Dept. of Radiology, Medical Col- 
lege of Virginia, Box 470, Richmond, VA 
23298-0470. MCV is an equal opportunity/affirma- 
tive action employer. Women and mincrities are 
encouraged to apply. 1&3a 


DIAGNOSTIC RADIOLOGIST—Busy 3-man group 
covering hospital and multimodality outpatient im- 
aging center is seeking a board-certified radiolo- 
gist. CT, ultrasound, MRI, nuclear medicine, and 
angiography skills required. Fellowship training 
and interest in neuroradiology a plus. Generous 
salary and liberal benefits leading to early part- 
nership. Send CV to Diagnostic Radiology Con- 
sultants, 7703 Picardy Ave., Baton Rouge, LA 
70809. 1-3a 


BOARD-CERTIFIED RADIOLOGIST—Expanding 
multi-state, midwestern group, practicing in 
hospitals, clinics, and imaging centers, seeks 
board-certified radiologist. Progressive individuals 
with general diagnostic and MRI background pre- 
ferred. Excellent benefit program. Send CV to Guy 
Syvertsen, M.D., Senior Vice-President, Reich, 
Seidelmann & Janicki, 36080 Bainbridge Rd., 
Solon, OH 44139. 1a 


NUCLEAR MEDICINE PHYSICIAN—Tre Univer- 
sity of Washington's Dept. of Radiology has an 
opening for an academically oriented radiologist 
in the area of nuclear medicine. Responsibilities 
include instructing medical students and residents 
and conducting research. Applicant must possess 
board certification or eligibility. Send letter and 
resume to Albert A. Moss, M.D., Dept. of Radiol- 
ogy, SB-05, University of Washington, Seattle, WA 
98195. The University of Washington is am equal 
opportunity employer. 1a 
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ACADEMIC RADIOLOGIC IMAGING—University 
of Arkansas for Medical Sciences Imaging Divi- 
sion is seeking an academically oriented radiol- 
ogist with primary interest in body CT, body MRI, 
and ultrasound (including obstetric). The imaging 
program is active and progressive, offering an op- 
portunity for integration of these areas in an at- 
mosphere of excellent facilities and equipment. 
The position involves teaching, research, and 
Clinical activities at the Assistant or Associate Pro- 
fessor level. Please apply to Charles M. Boyd, 
M.D., Imaging Division, Dept. of Radiology, Uni- 
versity of Arkansas for Medical Science, 4301 W. 
Markham (Slot 581), Little Rock, AR 72205. 1a 


BC/BE DIAGNOSTIC RADIOLOGIST sought for 
large multispecialty group providing care for staff 
model BC/BS affiliated HMO as well as FFS prac- 
tice. Strong consideration given to candidate with 
angio-interventional and MRI experience. Excel- 
lent salary and benefit package. Extensive support 
system and modern facility located in Columbia, 
MD, near the cultural advantages and medical 
schools of the Baltimore-Washington, DC, area. 
Please direct inquiries and CV to Patuxent 
Medical Group, Inc., Columbia-FreeState Health 
System, 2 Knoll North Dr., Columbia, MD 21045, 
Attn: Human Resources Dept. 1a 


UNIVERSITY OF WASHINGTON, DEPT. OF 
RADIOLOGY seeks Assistant/Associate Pro- 
fessor specializing in basic or applied research 
in MRI imaging/spectroscopy. Candidate should 
be PhD with ongoing, independent research pro- 
gram in MRI-related field. Special interest in phos- 
phorous spectroscopy, paramagnetic contrast 
media, or image acquisition/display would be ap- 
propriate. Position will be in Imaging Research 
Laboratory. Available in-house equipment in- 
cludes 2-T animal and 1.5-T clinical imaging/ 
spectroscopy systems. Chemistry, X-ray, PET, and 
physiology faculties and facilities located in 
discrete geographic area. Expanded spectroscopy 
Capabilities are planned, and nearby chemistry/ 
physics equipment can be used for high-field 
work. The successful candidate will be expected 
to continue development of an independent 
research program, to collaborate where possible 
with existing laboratory projects, and to participate 
in departmental teaching programs where appro- 
priate. Resume and 3 references should be sent 
to Albert A. Moss, M.D., Dept. of Radiology, 
SB-05, Seattle, WA 98195. The University of 
Washington is an equal opportunity employer. 1a 


PULMONARY RADIOLOGIST—The UCLA School 
of Medicine has a full-time tenure-track faculty 
position available in the General Diagnostic Divi- 
sion, Dept. of Radiological Sciences. Academic 
level of appointment to be determined. Must be 
eligible for California licensure. Provide CV, a state- 
ment of background and interests in academic 
radiology, and a listing of 5 references. Reply to 
Richard Gold, M.D., Chief of General Diagnosis, 
Dept. of Radiological Sciences, UCLA School of 
Medicine, Los Angeles, CA 90024. The University 
of California is an equal opportunity/affirmative 
action employer and encourages applications from 
members of minority groups and women. 1a 


NEURORADIOLOGIST—Opening for experienced 
neuroradiologist with fellowship training to join 
partnership of 4 radiologists in outpatient office 
and 200-bed general hospital. MR experience 
essential. Currently considering MRI addition to 
be operational in 12 mo. Practice is in Coeur d’ 
Alene, ID. Beautiful recreational, fishing, and hunt- 
ing facilities. Excellent opportunity for university- 
trained radiologist seeking full, private-practice 
partnership situation. Send letters of inquiry with 
CV to Richard Hehn, M.D., Radiology Associates 
of North Idaho, 1104 Ironwood Dr., Coeur d’ Alene, 
ID 83814. 1a 


BC/BE DIAGNOSTIC RADIOLOGIST—Immediate 
opportunity to work with group covering hospital, 
private practice, and HMO. All modalities present. 
Southeast Florida location. Florida license neces- 
sary. J. Schneider, M.D., 1131 No. 35th Ave., Holly- 
wood, FL 33021. 1ap 


CLASSIFIED ADVERTISEMENTS 


CT/ULTRASOUND IMAGER—The University of 
Washington's Dept. of Radiology has an opening 
for an academically oriented radiologist in the 
area of CT/ultrasound imaging. This position will 
also involve interventional radiology including 
biopsies and abscess drainage. Responsibilities 
include instructing medical students and residents 
and conducting research. Applicant must possess 
board certification in radiology plus 1-yr related 
fellowship or clinical experience in radiology post- 
residency. Send letter and resume to Albert A. 
Moss, M.D., Dept. of Radiology, SB-05, Seattle, 
WA 98195. The University of Washington is an 
equal opportunity employer. 1a 


PULMONARY RADIOLOGIST—The University of 
Washington's Dept. of Radiology has an opening 
for an academically oriented radiologist in the 
area of pulmonary imaging. This position will also 
involve interventional radiology including biopsies 
and abscess drainage, as well as MRI, CT, and 
ultrasound. Responsibilities include instructing 
medical students and residents and conducting 
research. Applicant must possess board certifica- 
tion in radiology plus 1-yr related fellowship or 
Clinical experience in radiology postresidency. 
Send letter and resume to Albert A. Moss, M.D., 
Dept. of Radiology, SB-05, Seattle, WA 98195. The 
University of Washington is an equal opportunity 
employer. 1a 


MAINE RADIOLOGISTS—Iwo positions available 
due to retirement. Requires fellowship training in 
either noninvasive imaging or invasive procedures 
including angiography. Join a progressive group 
and affiliate with excellent medical center. State-of- 
the-art equipment. Competitive salary and benefit 
package. Enjoy college town lifestyle in Maine’s 
beautiful lake region. For further information send 
CV to New England Health Search, 63 Forest 
Ave., Orono, ME 04473, or call (207) 866-5680 or 
(207) 866-5685. 1a 


DIAGNOSTIC RADIOLOGIST—Excellent oppor- 
tunity for a board-eligible or a board-certified radi- 
ologist to join a group practice in the New Orleans 
area. The candidate must have training and interest 
in all areas of diagnostic radiology. Experience in 
MRI desired. Please submit CV to Martin A. 
Belanger, M.D., W. Esplanade Ave., Ste. 206, 
Kenner, LA 70065; (504) 464-0811. 1-3ap 


BOARD-CERTIFIED DIAGNOSTIC RADIOLOGIST 
to join 2-man group in a progressive 100-bed com- 
munity hospital in the Seacoast area of New Hamp- 
shire. Practice includes CT, MRI, ultrasound, 
mammography, interventional radiology, and R&F. 
Those candidates having several years of post- 
residency training and work experience in private 
practice are preferred. Approximately 32,000 ex- 
aminations are done per yr. A candidate with 
broad experience in all diagnostic imaging modal- 
ities is required. Send CV to G. Eric Geslien, M.D., 
Box 790, Exeter, NH 03833. lap 


RADIOLOGIST—A board-certified/board-eligible 
radiologist with experience is needed to join the 
staff of the Alaska Native Medical Center, a 
170-bed referral facility for a state-wide system of 
Indian Health Service hospitals and clinics. Prac- 
tice stimulating and challenging radiology in a 
relaxed and casual atmosphere. State-of-the-art 
in-house CT, sonography, and mammography. 
Send CV to W. M. Cox, M.D., P.O. Box 10-7741, 
Anchorage, AK 99510-7741. EOE. 9-2a 


DIAGNOSTIC RADIOLOGIST—University Hospital 
of Jacksonville/University of Florida is seeking an 
additional staff radiologist for a full-time faculty 
position. Special interest training or expertise is 
preferable in interventional, MR, pulmonary, or 
skeletal imaging. Salary and fringe benefits are 
excellent. An academic appointment will be at the 
assistant or associate professor level depending 
on the qualification ot the applicant. Application 
recruiting deadline is Jan. 15, 1988. Anticipated 
starting date July 1, 1988. Send CV and refer- 
ences to H. Martin Northup, M.D., Chairman, 
Search Committee, University Hospital, 655 W. 
Eighth St., Jacksonville, FL 32209. AA/EOE. 12-1a 


AJR: 150, January 1988 


PEDIATRIC RADIOLOGIST—Children’s Hospital 
Medical Center of Akron has a position available 
immediately for a pediatric radiologist. Applicant 
must be board-certified or board-eligible in ciag- 
nostic radiology. Additional training in CT, ultra- 
sound, nuclear medicine, and MRI is desirable. 
Send CV to Lionel W. Young, M.D., Professor and 
Chairman, Northeastern Ohio Universities, Col- 
lege of Medicine, C/O Children’s Hospital Medical 
Center of Akron, 281 Locust St., Akron, OH 
44308. 12-5a 


THE UNIVERSITY OF SOUTH FLORIDA, DEPT. 
OF RADIOLOGY, is recruiting additional radiology 
faculty for the Moffitt Cancer Center and 
Research Institute. We are seeking general 
academic radiologists with subspecialty expertise 
in nuclear, musculoskeletal, chest, abdominal, or 
interventional radiology. Fellowship or equivalent 
experience is desirable; subspecialty interest 
should encompass all imaging modalities includ- 
ing MRI. The positions involve clinical service, 
teaching, and research. Salary and academic 
rank based on qualifications. Send CV to Robert 
Clark, M.D., Dept. of Radiology, Moffitt Cancer 
Center, P.O. Box 280179, Tampa, FL 33682-0179. 
12-2ap 

VASCULAR/INTERVENTIONAL OPENING for 
third vascular and interventional radiologist in sub- 
specialized 22-man private practice in 1200-5ed 
fully-equipped teaching hospital. Must have 
fellowship training and experience with all aspects 
of vascular and interventional radiology. Write to 
A.D. Sears, M.D., Chairman, Dept. of Radiology, 
Baylor University Medical Center, 3500 Gaston, 
Dallas, TX 75246. 12-3a 


BOARD-CERTIFIED OR -ELIGIBLE DIAGNOSTIC 
RADIOLOGIST to be part of a 3-person imaging- 
center staff and outpatient specialty clinic in 
Tacoma, WA. The radiology staff of this specialty 
center is associated with the larger radiology 
dept. in hospitals operated by Group Health Co- 
operative of Puget Sound in Seattle and Red- 
mond, WA. The practice consists of responsibility 
in ultrasound, nuclear medicine, GI fluoroscepy, 
mammography, outpatient CT, and diagnostic X- 
ray. For further details please contact Director of 
Medical Staff Personnel, Group Health Cooperative 
of Puget Sound, 521 Wall St., Seattle, WA 98°21; 
(206) 448-6550. 12-3a 


BC/DIAGNOSTIC RADIOLOGIST—Special train- 
ing in MR and/or ultrasound required. Busy 
hospital and office practice in Washington D.C. 
suburbs. Early partnership. Available July 1, 1988. 
Reply Box B62, AJR (see address this section). 
12-2a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GlST—university trained with experience in CT, 
nuclear medicine, ultrasound, and mammography 
for free-standing imaging center in major city in 
the Southwest. State-of-the-art equipment with 
MR planned. No call. Salary leading to partmer- 
ship. Send CV to Box B72, AJR (see address this 
section). 12-1a 


RADIOLOGIST—Excellent opportunity. Seeking 
board-certified radiologist, preferably with cross- 
sectional imaging expertise, to join a large, 
private-practice group covering 3 hospitals and 
a newly built Diagnostic Center in eastern North 
Carolina. Excellent benefits and salary. Two years 
to partnership. Reply Box B64, AJR (see address 
this section). 12-1a 


DIAGNOSTIC RADIOLOGIST to work with a 
group covering both hospital and private practice. 
CT, ultrasound, and angiography. 1 hr from 
Boston. Please reply to Box B66, AJR (see ad- 
dress this section). 12-1ap 


BOARD-CERTIFIED RADIOLOGIST needed im- 
mediately to work in Ft. Lauderdale area hospital 
and private office in Boca-Raton. Current practice 
includes CT, nuclear medicine, ultrasound, inter- 
ventional mammography, and pediatrics. Compe- 
titive starting salary with partnership in 3 yr. 
Should have Florida license. Contact Devid 
Wagner, Administrator; (305) 344-9990. 12-2a 
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DIAGNOSTIC RADIOLOGIST, SAN DIEGO 
AREA—Established 3-person radiology group 
has immediate opening for a board-certified radi- 
ologist with experience in nuclear medicine, mam- 
mography, angiography, ultrasound, CT, MRI, and 
some interventional radiology. Busy hospital and 
clinic practice. Salary leading to partnership. 
California license required. Reply with CV to 
Thomas G. Brault, M.D., Paradise Valley Radi- 
ology Medical Group, 2400 E. Fourth St., National 
City, CA 92050; (619) 470-4190. 12-1ap 


CHAIRPERSON, DEPT. OF DIAGNOSTIC RADI- 
OLOGY AND NUCLEAR MEDICINE—Rush- 
Presbyterian—St. Luke’s Medical Center in 
Chicago invites applications for the position of 
chairperson of the Dept. of Diagnostic Radiology 
and Nuclear Medicine. Applicants must be certi- 
fied by the American Board of Radiology and 
have substantial academic and administrative 
credentials. Please send inquiries and CV to 
Charles M. D’Angelo, M.D., Dept. of Neurological 
Surgery, Rush-Presbyterian-St. Luke’s Medical 
Center, 1725 W. Harrison St., Chicago, IL 60612. 
Rush University is an equal opportunity/affirma- 
tive action employer. 12-1a 


NEW ENGLAND—Iwo positions for BC/BE 
diagnostic radiologists with interest and expertise 
in ultrasound, CT, and mammography to join cur- 
rent, 4-member, office-practice radiology dept. of 
large, rapidly expanding, multispecialty, prepaid, 
and FFS practice. Positions available Jan. 1988 
and July 1988. Competitive compensation and 
benefits. Send CV to Ivan R. Green, M.D., Chair- 
man, Dept. of Radiology, Fallon Clinic, 630 Plan- 
tation St., Worcester, MA 01605. 12-2a 


SEEKING A SECOND, FULL-TIME, TENURED- 
LINE, ACADEMIC NEURORADIOLOGIST with 
an opportunity to participate in a developing 
world-class MRI facility at the University of Ken- 
tucky. Busy neuroradiology division with 1536 
total neuro procedures (596 angiograms and 940 
myelograms), 7346 neuro CT scans, and 1172 
neuro MRI scans last yr, including 378 head ultra- 
sounds and intraoperative neuro ultrasound. Ex- 
cellent equipment with 3 fourth-generation CT 
scanners, new (6-mo-old) neuroangiographic 
suite with full imaging capability including state- 
of-the-art DSA, 2 myelographic suites, 0.15-T 
resistive MRI (second unit, a 1.5-T superconduc- 
tive MRI, to be installed early spring 1988), and 
potential for significant participation in MRI spec- 
troscopic unit already in place (4.7-T Bruker unit). 
A world-class MRI facility will be built in 2-3 yr 
with excellent opportunity for spectroscopic 
research. The University is very strong in neuro- 
sciences with excellent neurology and neuro- 
surgery departments, and an Aging Research 
Center with emphasis on Alzheimer research. Ex- 
ceptional academic opportunities with excellent 
academic salary. For details write (include CV) or 
call C. Lee, M.D. (member ASNR), (606) 233-6155; 
or H.D. Rosenbaum, M.D. (Chairman of Diagnos- 
tic Radiology), (606) 233-8088: Dept. of Radi- 
ology, University of Kentucky Medical Center, 
Lexington, KY 40536. 12-3a 


NORTHWEST OPPORTUNIT Y—Board-certified 
diagnostic radiologist to join group of 4 at busy 
160-bed hospital and private-office practice. 
Minimum requirements include competence in 
angiography, CT, and ultrasound. Some limited in- 
terventional skills are desirable. Prefer university- 
trained applicant with imaging fellowship. Ex- 
cellent benefits and early partnership. Community 
of 60,000 located on the Columbia River in the 
beautiful Pacific Northwest 1 hr from Portland, 
OR. Send CV and inquiries to Michael L. Hanstlits, 
M.D., Longview Radiologists, 1020 11th Ave., 
Longview, WA 98632. 12-1a 


DIAGNOSTIC RADIOLOGIST to join expanding 
private radiology group in Tampa Bay area. All 
modalities including MRI and SPECT. Board cer- 
tification or additional training in nuclear medicine 
desirable. Send CV to Box B74, AJR (see address 
this section). 12-2a 


CLASSIFIED ADVERTISEMENTS 


RADIOLOGIST—Opening for board-certified or 
board-eligible diagnostic radiologist in large 
private practice with 3 hospitals and 3 outpatient 
facilities. Fellowship or practice experience 
preferred. Requires all aspects of diagnostic 
radiology including angiography/interventional 
and MRI. Metropolitan Northeast close to Phila- 
delphia, Princeton, and New York City. Full- or 
part-time. Send CV with references. Reply Box 
B78, AJR (see address this section). 12-1a 


BOARD-CERTIFIED DIAGNOSTIC RADIOL- 
OGIST with subspecialty in cross-sectional imag- 
ing (CT/ultrasound) to join established 7-man 
group at 500-bed, acute-care, medical-school- 
affiliated hospital in New York City. Well-equipped 
modern dept. with all imaging modalities (MRI in 
summer of 1989), plus nearby private office. 
Minimum of 1-yr fellowship in cross-sectional im- 
aging (CT/ultrasound) required. Postfellowship ex- 
perience in cross-sectional imaging at a university 
center would be desirable. Reply Box B85, AJR 
(see address this section). 12xa 


NEURORADIOLOGIST, DENVER, CO—Western 
Radiologists, P.C., a group of 10-diagnostic radiol- 
ogists engaged in a predominantly hospital-based 
practice, is seeking an additional member on or 
about July 1, 1988. The new member should have 
fellowship training and/or additional experience 
beyond the residency level in neuroradiology, 
MRI, and angiography. The group provides diag- 
nostic radiology services for Saint Joseph Hospi- 
tal, a 565-bed tertiary care teaching hospital, a 
clinic, and 2 offices. The radiology dept. within the 
hospital includes state-of-the-art equipment in all 
imaging modalities. Salary, benefits, vacation 
time, and time to partnership are all competitive 
for the Rocky Mountain region. Additional infor- 
mation is available upon request. Interested par- 
ties should send their CV to Kim |. McMillin, M.D., 
Dept. of Diagnostic Imaging, Saint Joseph Hospi- 
tal, 1835 Franklin St., Denver, CO 80218. 12-2a 


ULTRASOUND/CT/MRI—Opportunity for board- 
certified radiologist specializing in ultrasound, 
body CT, and body MRI to pursue academic career 
at The New York Hospital-Cornell Medical Center. 
Dept. provides state-of-the-art equipment, in- 
cluding Acuson ultrasound, GE 9800 CT, and GE 
Signa 1.5-T MR. Wide variety of ultrasound ex- 
aminations include abdominal, Doppler, OB-GYN, 
small parts, and neonatal head. Prefer candidate 
with prior fellowship in sectional imaging or ultra- 
sound. Responsibilities include clinical practice, 
teaching, and research. Please send CV to Elias 
Kazam, M.D., Dept. of Radiology, The New York 
Hospital—Cornell Medical Center, 525 E. 68th St., 
New York, NY 10021. 12-1a 


INTERVENTIONAL RADIOLOGIST WANTED— 
Radiology Associates of Albuquerque, P.A., an 
11-physician organization serving 3 major metro- 
politan hospital facilities, has an opening for an 
interventional radiologist. Fellowship training or 
equivalent postgraduate experience is required. 
CT and ultrasound interpretation also necessary. 
MRI experience a plus, but not mandatory. Prac- 
tice is located in Albuquerque, NM. Climate and 
facilities are outstanding. Qualified applicants 
may apply by sending CV and references to Radi- 
ology Associates of Albuquerque, P.A., 4001 In- 
dian School Rd., NE, Ste. 300, Albuquerque, NM 
87110. Attn: Medical Director. 12-1a 


CHEST RADIOLOGIST—The Dept. of Radiology 
of St. Luke’s—Roosevelt Hospital Center in New 
York City is seeking a radiologist with special ex- 
perience and/or training in thoracic imaging. A 
strong interest in clinical teaching and research, 
as well as in patient care, is required. Academic 
rank will depend on qualifications and experience. 
The dept. offers excellent facilities and remunera- 
tion. The hospital is a 1315-bed, voluntary univer- 
sity hospital of Columbia University College of 
Physicians & Surgeons. Send inquiries with a CV 
to Ronald C. Ablow, M.D., Dept. of Radiology, 
SLRHC, Amsterdam Ave. & 114th St., New York, 
NY 10025. An equal opportunity employer. 12-1a 
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GENERAL DIAGNOSTIC RADIOLOGIST WITH 
INTEREST IN CHEST RADIOLOGY—Diagnostic 
radiologist with training or experience in MRI. Two 
positions available on Jan. 1, 1988, to complete 
staffing for the new VA Medical Center in Min- 
neapolis, MN. Dept. includes MRI, CT, cyclotron 
with PET scanner, interventional vascular suite, 
neuroradiology suite, mammography, plus more. 
Affiliated with the University of Minnesota with 
non-tenure-tract appointment available at appro- 
priate level. Research and teaching opportunities 
available. Board certification mandatory for both 
positions. One-yr fellowship training or equivalent 
experience in chest radiology and MRI desirable. 
Send letters of inquiry with CV to Donovan B. 
Reinke, M.D., Chief of Diagnostic Radiology 
Service—114, VA Medical Center, 54th St. and 
48th Ave. S., Minneapolis, MN 55417. EOE. 12-2a 


DIAGNOSTIC RADIOLOGIST—/immediate open- 
ing for a board-certified radiologist. Practice in- 
cludes CT, ultrasound, and myelography. Compet- 
itive salary, may lead to full partnership. Ample 
vacation and meeting time. Please include CV 
with letter of inquiry. Reply to Box 81, AJR (see 
address this section). 12-1a 


MRI RADIOLOGIST—The Dept. of Radiology of 
St. Luke’s—Roosevelt Hospital Center in New York 
City is seeking a radiologist with experience 
beyond fellowship in body MRI. A strong interest 
in clinical teaching and research, as well as in 
patient care, is required. Academic rank depends 
on qualifications. The hospital is a 1315-bed, 
voluntary university hospital of Columbia Univer- 
sity College of Physicians & Surgeons. Send in- 
quiries with a CV to Ronald C. Ablow, M.D., Dept. 
of Radiology, SLRHC, Amsterdam Ave. & 114th 
St., New York, NY 10025. An equal opportunity 
employer. 12-1a 


DIAGNOSTIC RADIOLOGIST—The Dept. of 
Radiology of St. Luke’s—Roosevelt Hospital 
Center in New York City is seeking a general 
radiologist with expertise in CT and ultrasound. 
The hospital is a 1315-bed, voluntary university 
hospital of Columbia University College of Physi- 
cians & Surgeons. Academic rank depends on 
qualifications and expertise. Excellent facilities 
and remuneration. Please send inquiries with a 
CV to Ronald C. Ablow, M.D., Dept. of Radiology, 
SLRHC, Amsterdam Ave. & 114th St., New York, 
NY 10025. An equal opportunity employer. 12-1a 


BONE RADIOLOGIST—The Dept. of Radiology of 
St. Luke’s—Roosevelt Hospital Center in New York 
City is seeking a radiologist with special experi- 
ence and/or training in skeletal radiology. A strong 
interest in clinical teaching and research, as well 
as in patient care, is required. Academic rank 
depends on qualifications and experience. Excel- 
lent facilities and remuneration. The hospital is 
a 1315-bed, voluntary university hospital of Col- 
umbia University College of Physicians & Sur- 
geons, New York City. Please send inquiries with 
a CV to Ronald C. Ablow, M.D., Dept. of Radi- 
ology, SLRHC, Amsterdam Ave. & 114th St., New 
York, NY 10025. An equal opportunity employer. 
12-1a 


BC/BE DIAGNOSTIC RADIOLOGIST—Busy 
hospital and office practice. All D.R. skills 
necessary. Florida license, amicable, and non- 
smoker. Stimulating practice and great beach- 
area lifestyle. Seeking right person for established 
6-member practice. Send CV and photo to J.G. 
Arterburn, M.D., C/O R.A. Castillo, M.D., and 
Assoc., P.A., 1609 Pasadena Ave. S., St. Peters- 
burg, FL 33707. 11-1ap 


FULL-TIME, PART-TIME, OR LOCUM TENENS 
(LEADING TO PERMANENT) office/hospital- 
based position in south Texas urban community. 
Board certification, friendly attitude, good train- 
ing, motivation, and Texas license required. 
General radiology practice with fluoroscopy, 
mammography, nuclear medicine, sonography, 
CT, and limited MRI. Comfortable hours and 
remuneration with potential to expand. Reply Box 
W60, AJR (see address this section). 11xa 
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THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—Iwo academically-oriented staff radiologists 
are sought for positions in a dynamic Dept. of 
Radiology, now in a rebuilding phase. (1) General 
diagnostic radiologist. This individual will cover 
a broad spectrum of diagnostic areas including 
chest, bone, GI, GU, and breast imaging. One or 
more of these areas can be emphasized accord- 
ing to individual interests. (2) Ultrasound 
radiologist. This individual will join one of the 
largest and most active ultrasound divisions in the 
world and will participate in the full range of 
diagnostic and interventional ultrasound studies. 
Some general diagnostic responsibilities also 
may be included. Candidates should be board 
certified or eligible and have interests in clinical 
radiology, teaching, and research. Please send 
CV to Robert Steiner, M.D., Co-Director, General 
Diagnostic Division; Barry Goldberg, M.D., Direc- 
tor, Division of Ultrasound; or David Levin, M.D, 
Chairman, Dept. of Radiology, Thomas Jefferson 
University Hospital, Philadelphia, PA 19107. 
Thomas Jefferson University Hospital is an Equal 
Opportunity/Affirmative Action Employer. 11-2a 


INTERVENTIONAL RADIOLOGIST—Position 
available at the University of Rochester Medical 
Center Strong Memorial Hospital, a 750-bed ter- 
tiary care facility. An appointment as assistant pro- 
fessor or higher is available at a level appropriate 
to experience. One-yr fellowship training or 
equivalent experience is required. Research and 
teaching opportunities are available in a strong 
academic dept. with state-of-the-art equipment. 
Send letters of inquiry to Robert E. O’Mara, M.D., 
Acting Chairman, Diagnostic Radiology, Box 648, 
University of Rochester Medical Center, 
Rochester, NY 14642. EO/AA/M-F employer. 
11-1a 


VASCULAR/INTERVENTIONAL RADIOLO- 
GiSTS—University hospital offers full-time staff 
position at assistant to associate professor level 
for vascular/interventional radiologist. Vascular 
MRI and research opportunities included. Please 
contact Klemens H. Barth, M.D., Director, Division 
of Vascular/Interventional Radiology, Georgetown 
University Hospital, 3800 Reservoir Rd., N.W., 
Washington, DC 20007; (202) 625-2891. Affir- 
mative action/equal opportunity employer. 11-2a 


DIAGNOSTIC RADIOLOGIST BC/BE to join 
8-member group in this growing practice and 
community. Position allows participation in all 
modalities including MRI. Contact Edward J. 
Chesna, M.D., 703 N. East St., Bloomington, IL 
61701; (309) 829-9473. 11-1a 


DIAGNOSTIC RADIOLOGIST, university trained, 
to join established group of 4 in a beautiful town 
in northern IL. A 432-bed community hospital with 
major teaching affiliation with University of Illinois 
College of Medicine at Rockford. Growing prac- 
tice, state-of-the-art in all modalities including 
MRI. Fellowship a plus but not essential. Position 
available ASAP. Please send CV to W.J. Marx, 
M.D., PO. Box 4205, Rockford, IL 61110. 11-1a 


GENERAL DIAGNOSTIC RADIOLOGIST AND A 
BODY CT/ULTRASOUND RADIOLOGIST with 
an opportunity to participate in a developing 
world-class MRI facility. The University of Ken- 
tucky Medical Center is seeking an additional 
staff member who will have virtually full-time 
responsibilities in body cross-sectional radiology. 
Excellent equipment, including 3 fourth- 
generation CT scanners. The position also in- 
cludes a potential for significant participation in 
the clinical and research activities of a superb, 
markedly expanded MRI and spectroscopy facili- 
ty. We are also seeking an additional radiologist 
with duties in conventional diagnostic procedures. 
Both positions have exceptional academic oppor- 
tunities with remuneration far above average for 
University hospitals. For details call (606) 
233-8088 or write (include CV) to H.D. Rosen- 
baum, M.D., Chairman of Diagnostic Radiology, 
University of Kentucky Medical Center, Lexington, 
KY 40536. 11-4a 


CLASSIFIED ADVERTISEMENTS 


LARGE (28 RADIOLOGISTS), GROWING, 
WELL-DIVERSIFIED GROUP IN COLUMBUS, 
OH seeks an additional radiologist, well-trained 
in general diagnostic radiology, with additional 
training in nuclear medicine. Position leads to full 
partnership without buy-in expense. Send CV to 
Patrick Cain, M.D., 4040 Longhill Rd., Columbus, 
OH 43220. 11-1a 


FULL-TIME JUNIOR FACULTY POSITION IN 
NEURORADIOLOGY SECTION for person with 
primary interest and expertise in surgical (in- 
terventional) neuroradiology, and secondary in- 
terest in general neuroradiology. Must have 
completed 2-yr fellowship in neuroradiology. Posi- 
tion covers both UUMC and VAMC on rotational 
basis with 3 other full-time neuroradiologists. In- 
dividual would become Director of Surgical 
Neuroradiology with specific charge to develop 
in-house and intermountain area outreach pro- 
gram in interventional neuroangiography. Dead- 
line is Dec. 1, 1987. Applications submitted after 
the deadline may be considered if no qualified 
candidates have applied by the deadline. AA/EOE 
employer. Please reply to University of Utah, 
Neuroradiology Section, Salt Lake City, UT 84112. 
11-1a 


FULL-TIME ORTHOPEDIC RADIOLOGIST to join 
an active orthopedic radiology service; expected 
to help optimize clinical-care delivery, assist in 
teaching residents, and help develop a more ac- 
tive orthopedic-interventional and MRI service. 
Entry rank as assistant professor, tenure track. 
Time partitioning of 55% orthopedic radiology, 
20% chest and breast imaging, and 25% 
academic time. Must have completed an or- 
thopedic radiology fellowship or have worked 2 
yr primarily as an orthopedic radiologist. 
American Board of Radiology certification re- 
quired. Deadline is Dec. 1, 1987. Applications sub- 
mitted after the deadline may be considered if no 
qualified candidates have applied by the dead- 
line. AA/EOE employer. Please reply to Univer- 
sity of Utah, Dept. of Radiology, Salt Lake City, 
UT 84112. 11-1a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLOGIST 
to join multispecialty private corporation with a 
well-equipped X-ray area, dedicated mammog- 
raphy, nuclear medicine, high-resolution real-time 
ultrasound, and whole-body CAT scanner. Send 
CV and reply to Administrator, Johnson Clinic, 
P.C., P.O. Box 315, Rugby, ND 58368. 12-1a 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY is recruiting a Section Head of 
Thoracic Radiology and abdominal imaging 
radiologist for the University Medical Center and 
a General Radiologist for the VA Medical Center. 
Candidates should be trained in appropriate im- 
aging modalities and invasive techniques, and in- 
terested in teaching and research. Income and 
academic rank are negotiable. The University of 
Arizona is an affirmative action/equal opportunity 
employer. Contact Bruce J. Hillman, M.D., Vice- 
Chairman, Dept. of Radiology, University of 
Arizona Health Sciences Center, Tucson, AZ 
85724; (602) 626-7368. 9-2a 


GENERAL RADIOLOGIST—Progressive 15- 
member group needs additional radiologist for 
hospital and office-based practice that serves part 
of a southwestern community with approximately 
one-half million population. Position requires 
board certification. Training and/or experience in 
mammography, CT, ultrasound, and nuclear 
medicine is also needed. Contact Tulsa Radiology 
Associates, Inc., PO. Box 4939, Tulsa, OK 74159. 
1i-la 


DIAGNOSTIC RADIOLOGIST—Excellent oppor- 
tunity for a board-eligible or board-certified 
radiologist to join a 9-member group in New 
Orleans, LA. The candidate must have training 
and an interest in all areas of diagnostic radiology. 
Experience in MRI required. Please submit CV 
to Harold R. Neitzschman, M.D., 4400 General 
Meyer Ave., Ste. 211, New Orleans, LA 70131; 
(504) 368-5074. 11-1ap 
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BOARD-CERTIFIED DIAGNOSTIC RADIOLOGIST 
to join multispecialty private corporation with a 
well-equipped X-ray area, dedicated mammo- 
graphy, nuclear medicine, high-resolution real- 
time ultrasound, and whole-body CAT scanner. 
Send CV and reply to Administrator, Johnson 
Clinic, PC., P.O. Box 315, Rugby, ND 58368. 12-1a 


FORT MORGAN, NORTHEAST COLORADO 
COMMUNITY serving 25,000, seeks BC 
radiologist for hospital-based solo practice. 
Nuclear medicine, ultrasound, mammography, 
and angiography. Generous practice assistance. 
Contact PROSEARCH, 305 NE 102nd Ave., Port- 
land, OR 97220; (503) 256-2070. 11-2a 


PRIVATE GROUP SEEKS BOARD-CERTIFIED/ 
ELIGIBLE RADIOLOGIST—Excellent salary and 
benefits. Near Chicago. Reply with CV to Box A36, 
AJR (see address this section). 11-1a 


Positions Desired 


RADIOLOGIST, ABR-certified seeks full-time or 
regular part-time position (i.e., every other month 
or similar arrangement). Prefer town of less than 
100,000. Experienced in all modalities except MRI. 
Available January 1988. Reply Box A44, AJR (see 
address this section). 11-1b 


Fellowships and Residencies 


FELLOWSHIP, DEPT. OF RADIOLOGY—Cedars- 
Sinai Medical Center, a 1201-bed, acute-care, 
research, and teaching hospital affiliated with the 
UCLA School of Medicine, has an opening for a 
1-yr fellowship with emphasis on CT, ultrasound, 
MRI, and mammography available July 1, 1988; 
18 radiologists associated in practice in dept. with 
135 personnel. There are 104,880 inpatient and 
9120 outpatient radiologic exams per yr. Applicant 
must have completed an approved residency in 
diagnostic radiology, must be board eligible/ 
certified, and have a California state medical 
license by July 1, 1988. Send CV to N. Zheutlin, 
M.D., Dept. of Radiology, Cedars-Sinai Medical 
Center, 8700 Beverly Blvd., Los Angeles, CA 
90048. 12-2cp 


INTERVENTIONAL/ANGIOGRAPHY/ADVANCED 
BODY IMAGING FELLOWSHIP IN SAN FRAN- 
CISCO AREA—Available July 1, 1988. One-yr fel- 
lowship program at 350-bed Stanford University- 
affiliated hospital and 2 private hospitals. Exten- 
sive Clinical experience involving all aspects of in- 
terventional vascular and nonvascular procedures. 
Fellow will also participate in MRI scanning and 
CT scanning including 3-dimensiona! reconstruc- 
tion capability. Send inquiries and CY to Ira Fink, 
M.D., Valley Radiologists Medical Group, Inc., 
P.O. Box 2F, San Jose, CA 95109. 1-3c 


SPECIAL PROCEDURES/IMAGING FELLOW- 
SHIP—St. Mary Medical Center has 2 positions 
available with combined training in special pro- 
cedures and imaging beginning July 1, 1988. 
Special procedures include angiography, angio- 
plasty, embolization, biopsy, drainages, and inter- 
ventional renal and hepatic procedures. Imaging 
equipment includes a GE 9800 CT scanner, Signa 
1.5-T MRI, and Acuson ultrasound. The staff con- 
sists of university-trained subspecialty radiologists. 
Contact Gregory T. Vanley, M.D., Dept. of Radiol- 
ogy and Medical Imaging, St. Mary Medical Center, 
1050 Linden Ave., Long Beach, CA 90801. 1c 


ADVANCED IMAGING FELLOWSHIP—A position 
is now available for a board-certified or board- 
eligible radiologist in a University of Rochester 
teaching-hospital complex. The fellowship empha- 
sizes in-depth exposure to CT, ultrasound, and 
MRI integrated with invasive procedure exposure. 
Additional positions will be available in January 
1988. Please respond to Steven G. Herbert, M.D., 
Director, Fellowship Program, Diagnostic Radi- 
ology Dept., The Genesee Hospital, 224 Alex- 
ander St., Rochester, NY 14607. 1-2c 
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FELLOWSHIPS IN (1) ULTRASOUND/CT/MRI, 
(2) CARDIOVASCULAR/INTERVENTIONAL, 
(3) NEURORADIOLOGY/ENT, (4) CARDIOPUL- 
MONARY—The Dept. of Radiology at Thomas Jef- 
ferson University Hospital offers these 4 sub- 
specialty fellowships each yr. We have a very 
large and extensively equipped ultrasound divi- 
sion that offers training in all phases of ultrasound 
including cardiac, vascular, and obstetric. The 
dept. also has 3 modern CT scanners and a GE 
1.5-T MRI unit. The Cardiovascular/Interventional 
Division is currently being renovated and will 
house state-of-the-art angiography equipment 
with DSA. This division performs a full range of 
both vascular and nonvascular interventional pro- 
cedures. Neuroradiology is housed in a brand 
new Neurosciences Imaging Center containing all 
imaging modalities in a single comprehensive 
facility. For information and applications to these 
4 programs, contact Barry B. Goldberg, M.D. 
(Ultrasound/CT/MRI); Geoffrey Gardiner, Jr., M.D. 
(Cardiovascular/Interventional); Carlos Gonzalez, 
M.D. (Neuroradiology); or Robert Steiner, M.D. 
(Cardiopulmonary) at the Dept. of Radiology, 
Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107. 1c 


DEPT. OF RADIOLOGY, UNIVERSITY OF 
ROCHESTER MEDICAL CENTER—One-year 
fellowship positions available July 1, 1988, or 
July 1, 1989. Positions include neuroradiology, 
cardiovascular/angiography, ultrasound/CT/MRI, 
and pediatric radiology. Requirements include 
board eligibility or certification in diagnostic 
radiology and an accredited radiology residency. 
Candidates must be licensed or eligible to obtain 
a license to practice medicine in the state of New 
York. Apply by Dec. 1 of the year before the 
fellowship starting date. Contact Beverly P. Wood, 
M.D., Box 648, University of Rochester Medical 
Center, Rochester, NY 14642. University of 
Rochester is an affirmative action, equal oppor- 
tunity employer. 10-3c 


IMAGING FELLOWSHIP—Iwo positions are avail- 
able for training in body imaging (CT, MRI, and 
ultrasound). This active university-based program 
combines excellent facilities and extensive 
modern equipment with clinical material to pro- 
vide broad, clinical training. There are oppor- 
tunities for research in any of these areas if 
desired. Please apply to Charles M. Boyd, M.D., 
Imaging Division, Dept. of Radiology, University 
of Arkansas for Medical Science, 4301 W. Mark- 
ham (Slot 581), Little Rock, AR 72205. 1c 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF COLORADO HEALTH SCIENCES 
CENTER offers fellowships annually in angi- 
ography/interventional, body imaging (ultrasound, 
CT, and MRI), chest, MRI, neuroradiology, nuclear 
medicine, and pediatric radiology. With the ap- 
pointment of Michael L. Manco-Johnson, M.D., as 
Chairman, the dept. has received a generous 
commitment of additional state-of-the-art equip- 
ment and new faculty. Interested candidates 
should write for applications to Residency and 
Fellowship Programs, Dept. of Radiology, Box 
A030, University of Colorado Health Sciences 
Center, 4200 E. 9th Ave., Denver, CO 80262. 
Please indicate which fellowship(s) interest you. 
Applicants should be board eligible in diagnostic 
radiology, and foreign medical graduates must 
have passed the American Medical Qualification 
Examination prepared by ECFMG. UCHSC is an 
AA/EOE employer. 1c 


CLASSIFIED ADVERTISEMENTS 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—The Dept. of Radiology, Georgetown 
University Hospital announces a new 1-yr fellow- 
ship starting July 1, 1988, in musculoskeletal 
radiology. Equipment includes a 1.5-T Siemens 
MR, a Varian 4.7-T spectral imager for animal 
research, 2 GE 9800 Quick CT scanners, and 
Acuson and ATL ultrasound units. Equipment in 
nuclear medicine includes 4 single-headed 
SPECT tomographic cameras, the revolutionary 
Triad tomographic camera, and a dual-photon den- 
sitometer. Full research and clinical experience 
opportunities in MRI, CT, MSK tumors, rheuma- 
tologic disorders, sports medicine, and trauma are 
program highlights, as well as a strong affiliation 
with the National Institutes of Health. Send CV 
to Martha C. Nelson, M.D., Division Director, 
Musculoskeletal Radiology, Georgetown Univer- 
sity Hospital, 3800 Reservoir Rd., N.W., 
Washington, DC 20007. 12-2cp 


INTERVENTIONAL RADIOLOGY FELLOWSHIP— 
The Rush-Presbyterian-St. Luke’s Medical 
Center is now offering a 1-yr fellowship position 
beginning July 1, 1988, in interventional radiology. 
This 750-bed teaching hospital offers extensive 
experience in all aspects of vascular and non- 
vascular procedures with a primary emphasis on 
patient care and clinical research. Send inquiries 
to Terence Matalon, M.D., Rush-Presbyterian- 
St. Luke’s Medical Center, Dept. of Radiology, 
1753 W. Congress Pkwy., Chicago, IL 60612. 11-2c 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Available July 1, 1988. 
One-year fellowship program at a 750-bed teaching 
hospital. Extensive clinical experience involving 
all aspects of cardiovascular imaging, interven- 
tional vascular and nonvascular procedures, and 
availability for clinical or animal research. Send 
CV and inquiries to Oscar H. Gutierrez, M.D., 
Dept. of Radiology, Box 648, University of 
Rochester Medical Center, Rochester, NY 14642. 
EO/AA/M-F employer. 10-3c 
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IMAGING FELLOWSHIP offered by the University 
Hospital of Jacksonville/University of Florida Col- 
lege of Medicine beginning July 1, 1988. The Uni- 
versity Hospital is a 489-bed, acute-care hospital 
providing resident and fellowship training in most 
of the major medical disciplines including diag- 
nostic radiology. The fellowship will include rota- 
tions in CT, ultrasound, and MR designed to 
provide qualified individuals with acditional 
specialized training and responsibility. Facilities 
are state-of-the-art with major additions in each 
area within the past 2 yr. Applicants must be 
board eligible or board certified in diagnostic 
radiology and should forward a CV with 3 letters 
of recommendations to Frederick Vines, M.D., 
University Hospital, Dept. of Radiology, 655 W. 
8th St., Jacksonville, FL 32209; (904) 350-6624. 
12-1c 


Tutorials/Courses 


AUSTRALIA-NEW ZEALAND—IMAGING DOWN 
UNDER, MARCH 12-27, 1988. International fac- 
ulty. Auckland, New Zealand, March 13-14; 
Sydney, Australia, March 18-20; and Melbourne, 
Australia, March 25-26. Information: Medical 
Seminars, 21915 Roscoe Blvd., Ste. 222, Canoga 
Park, CA 91304; (818) 719-7380. 9-2d 


Other 


FOR LEASE—Fully equipped, operating radiology 
office in medical building situated in the Princeton, 
NJ, area. Great opportunity. Reply to P.O. Box 191, 
Kingston, NJ 08528. 1e 
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Now there's an intelligent, convenient way to 
make sure you're getting the important informa- 
tion on trends and issues in health care that will 
influence your practice of medicine this year... 
and five years down the road. And for far less than 
any consultant's hourly fee. With THE JOURNAL 
OF MEDICAL PRACTICE MANAGEMENT. 


@ Timely articles help you make far-sighted 
decisions 
Featuring articles ranging from the Financing 
of Long-Term Care to Joint Ventures in Medical 
Services to Medical Practice Where HMOs Domi- 
nate, THE JOURNAL OF MEDICAL PRACTICE 
MANAGEMENT helps you pinpoint what man- 
agement pitfalls to avoid, what economic forecasts 
to trust, which markets are targeted for growth, 
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UNIVERSITY OF MIAMI 


School of Medicine 


Department of Radiology is recruiting faculty for the UM/ 
Jackson Memorial Medical Center, a 1300 bed tertiary referral 
center. Positions available to meet expanding clinical and 
academic programs in: 


THORACIC IMAGING 
ABDOMINAL IMAGING 
MUSCULOSKELETAL IMAGING 
NEURORADIOLOGY 

NUCLEAR MEDICINE 


Candidates must be board certified or eligible, with fellowship 
training or equivalent experience. Rank and salary commen- 
surate with qualifications. 


Send C.V. to: C.A. Poole, M.D. 
Professor and Chairman 
Department of Radiology (R-130) 
University of Miami School of Medicine 
P.O. Box 016960 
Miami, Florida 33101 
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Assignment Saudi Arabia 


The King Faisal Specialist Hospital and Research Centre in 
Riyadh, Saudi Arabia offers exceptional opportunities for 
experienced and qualified Radiologists. The Hospital, a 500- 
bed specialty referral complex with a large outpatient clinic, is 
the Kingdom's premier hospital dedicated to providing high 
quality health care to the citizens of Saudi Arabia. 


The following positions are available: 
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RADIOLOGIST 
(With comprehensive Gastro experience) 


RADIOLOGIST 
(With experience in Nuclear Radiology) 


To be considered for this opportunity, physicians must be 
board certified, and have current U.S., Canadian or U.K. license 
to practice and 3 years hospital experience. Academic affiliation 
is preferred. 


For further information and/or to apply, please call our toll-free 
number (800) 251-2561 or send a detailed curriculum vitae to: 


HCA International Company, P.O. Box 550, Dept AJR-188, 
Nashville, TN 37202. HCA is an Equal Opportunity Employer. 
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Henry and Lucy Moses Divisio 
e NEURORADIOLOGIST 


Academic position immediately available at 
the Assistant Professor or Associate Pro- 
fessor level in the Neuroradiology Division 
of the Department of Radiology. Candidate 
should have successfully completed an ac- 
credited Diagnostic Radiology Residency 
Program and/or a 2 year Neuroradiology Fel- 
lowship Program. BE/BC required. Facilities 
include two 3rd generation CT Scanners and 
a mobile Magnetic Resonance Imaging Unit. 
Plans are being finalized for both a state-of- 
the-art Magnetic Resonance Imaging Unit 
and a new Neuroangiography Suite. Inter- 
ested candidate should send CV to: George 
Lantos, Director of Neuroradiology, 
Department of Radiology, Montefiore 
Medical Center, 111 East 210 Street, 
Bronx, New York 10467. 
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$ Fewer adverse reactions than with traditional 
lonics, including reactions that may delay or 
interrupt procedures." 


ft Tolerated “far better than conventional contrast media. ”2 


Reactions After |.V. CT Enhancement Percent of Patients 














Nausea 
7.7 


Vomiting 









Taste/dry mouth 






9.2 
E lohexo! (n=263) W ionic Media* (n = 260) 


— In 263 CT patients, no reports of tachycardia, bradycardia, 
palpitations, or respiratory difficulties.’ 








E lohexo! (n = 158) W ionic Media* (n = 155) 


* Metrizoate or ioglicate; comparable concentration and volume 
mection 


Adapted from Skalpe 


f) Lower toxicity. 


— Particularly important in enhanced 
cranial CT. 


— An important advantage when the 
blood-brain barrier may already 
be disrupted.'* 


+ Now in special convenience/ 
economy packaging for enhanced CT. 
Since adverse reactions can occur with 

nonionic media, similar precautions to those 
recommended for ionic media should be 


utilized for treatment of severe or potentially 
fatal reactions. 


Physicians should remain alert to possible NONIONIC 

adverse effects that have occurred with 

other nonionic water-soluble media 

See next page for important product infor- AN x i À AQUE [) 

mation concerning contraindications, warn- 

ings, adverse reactions, patient selection, 

and prescribing and precautionary ( IOHEXOL) 

recommendations. THE NEW STAN DARD IN 
CONTRAST-ENHANCED IMAGING. 


‘In a more general patient population, such 
reactions occur in less than 1 percent 





OMNIPAQUE’ 


INJECTION (IOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexo! solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid nodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
throughout the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 
PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personne! with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease) Patients 
should be well hydrated prior to and following iohexo! administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The Susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use ofa 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS) Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances, 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with chronic pulmonary emphysema must be weighed against the necessity for performing this 
procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided 

if nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents 

Drug/Laboratory Test Interaction: |f iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T, resin uptake or direct thyroxine assays, are not affected 


OMNIPAQUE® injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with uo 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercisec 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
substituted for breast feedings for 24 hours following administration of OMNIPAQUE. 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
paro ana warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexol has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3%. 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique: 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, refiex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, 
and cardiac arrest. Rena/ reactions: occasionally, transient proteinuria; rarely, oliguria or anuria 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation; rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes. Signs anc 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or to the nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred 

Reported incidences of death range trom 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%) 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration; the 
severe reactions are life-threatening and treatment is urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Electrocardiographic and hemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
sodium injection. 


References: 1. Skalpe I0: Enhancement with water-soluble contrast media in computed 
tomography of the brain and abdomen. Acta Radiol 1983; supp! 366, pp 72-75. 2. Holtas S, 
Cronqvist S, Renaa T: Contrast enhanced brain CT: Comparison between iohexol and metrizoate 
Invest Radiol 1985; 20(supp! 1):62-64. 3. Tschakert H: Tolerability of iohexol and ioglicate for 
intravenous contrast enhancement in cerebral computed tomography Acta Radio! 1983; supp! 366, 
pp 76-77. 4. Skalpe 10, Ostensen HM: Contrast media in abdominal computed tomography: 

A double-blind clinical trial comparing a non-ionic (iohexol) and an ionic (metrizoate) contrast 
medium. Acta Radiol 1983; supp! 366, p 80. 5. Dawson P: Chemotoxicity of contrast media and 
clinical adverse effects: a review. /nvest Radiol 1985; 20(suppl 1):84-91 
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The FPM4200 90 second, cold-water, X-ray film processor. 


Fuji has applied today’s technology to reduce cost, 90 second, cold-water processing 
improve performance, and manufacture the “next High capacity, 280 sheets of 14x17 per hour 
generation” of 90 second, high capacity processors. Film activated, automatic standby 
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follow right? Wrong. Fuji has put all of the reliability and Digital temperature display 
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AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

lf appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
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Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 
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names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress and phone number are given. 
| Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 


_An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

- No abbreviations or reference citations are used. 





References ________ Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 

All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 

Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 


This includes papers submitted, but not yet accepted, for Figures and Legends 
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Style and punctuation of references follow the for- submitted for each figure part. 
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when six or less; when seven or more authors, the first three figure. 
are listed, followed by “et al.”): ______ Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
Journal article figures, labeling is done on a gummed label, which is then 
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Case Reports 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
shortened accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
| reports. 

















Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. No abstract is necessary. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 








Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 











Technical Notes 


A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 




















Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Sig- 
nature and affiliation should appear at the end of the letter. 
Titles for letters should be short and pertinent. The title for 
a reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. 





Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 


x 7 in. glossy prints. 





All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 
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following the administration of iodine-containing radiopaque media for the contrast en- 
hancement of CT brain images. 

In patients with advanced renal disease, iodinated contrast media should be used with 
caution, and only when the need for the examination dictates, since excretion of the medium 
may be impaired. Patients with combined renal and hepatic disease, those with severe 
hypertension or congestive heart failure, and recent renal transplant recipients may 
present an additional risk. 

Renal failure has been reported in patients with liver dysfunction who were given an oral 
cholecystographic agent followed by an intravascular iodinated radiopaque agent and also 
in patients with occult renal disease, notably diabetics and hypertensives. In these classes 
of patients there should be no fluid restriction and every attempt made to maintain normal 
hydration, prior to contrast medium administration, since dehydration is the single most 
important factor influencing further renal impairment. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and 
in susceptible non-diabetic patients (often elderly with pre-existing renal disease) following 


the administration of iodinated contrast agents. Therefore, careful consideration of the 
potential risks should be given before performing this radiographic procedure in these 
patients. 

Caution should be exercised in performing contrast medium studies in patients with 
endotoxemia and/or those with elevated body temperatures. 

Reports of thyroid storm occurring following the intravascular use of iodinated radio- 
paque agents in patients with hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated in such patients before use o* thts drug. 
lodine containing contrast agents may alter the results of thyroid function tests which 
depend on iodine estimation, e.g. PBI and radioactive iodine uptake studies. Such tests, if 
indicated, should be performed prior to the administration of this preparation. 


PRECAUTIONS 


General 


Diagnostic procedures which involve the use of iodinated intra-vascular contrast agents 
should be carried out under the direction of personnel skilled and experienced in the 
particular procedure to be performed. All procedures utilizing contrast media carry a 
definite risk of producing adverse reactions. While most reactions may be minor, life 
threatening and fatal reactions may occur without warning. The risk-benefit factor should 
always be carefully evaluated before such a procedure is undertaken. At all times a fully 
equipped emergency cart, or equivalent supplies and equipment, and personnel competent 
in recognizing and treating adverse reactions of all severity, or situations which may arise 
as a result of the procedure, should be immediately available. If a serious reaction should 
occur, immediately discontinue administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent personnel should be available for at 
least 30 to 60 minutes after administration. (Gee ADVERSE REACTIONS). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in 
infants, young children, the elderly, patients with pre-existing renal insufficiency, patients 
with advanced vascular disease and diabetic patients. 

Severe reactions to contrast media often resemble allergic responses. This has 
prompted the use of several provocative pretesting methods, none of which can be relied on 
to predict severe reactions. No conclusive relationship between severe reactions and 
antigen-antibody reactions or other manifestations of allergy has been established. The 
possibility of an idiosyncratic reaction in patients who have previously received a contrast 
medium without ill effect should always be considered. Prior to the injection of any contrast 
medium, the patient should be questioned to obtain a medical history with emphasis on 
allergy and hypersensitivity. A positive history of bronchial asthma or allergy, including food, 
a family history of allergy, or a previous reaction or hypersensitivity to a contrast agent may 
imply a greater than usual risk. Such a history, by suggesting histamine sensitivity and 
consequently proneness to reactions, may be more accurate than pre-testing in predicting 
the potential for reaction, although not necessarily the severity or type of reaction in the 
individual case. A positive history of this type does not arbitrarily contraindicate the use of a 
contrast agent, when a diagnostic procedure is thought essential, but does call for caution. 
(See ADVERSE REACTIONS). 

Prophylactic therapy including corticosteroids and antihistamines should be considered 
for patients who present with a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the incidence of reaction is two to 
three times that of the general population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be effective and should continue 
through the time of injection and for 24 hours after injection. Antihistamines should be 
administered within 30 minutes of the contrast medium injection. Recent reports indicate 
that such pre-treatment does not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe should be used for these 
injections. 

General anesthesia may be indicated in the performance of some procedures in young 
or uncooperative children and in selected adult patients; however, a higher incidence of 
adverse reactions has been reported in these patients, and may be attributable to the 
inability of the patient to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase the duration of contact of 
the contrast agent. 

Angiography should be avoided whenever possible in patients with homocystinuria 
because of the risk of inducing thrombosis and embolism. 

Information for Patients: Patients receiving iodinated intra-vascular contrast agents should 
be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochro- 

mocytoma, homozygous sickle cell disease or known thyroid disease. (See WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food or if you had any reactions to 

previous injections of dyes used for x-ray procedures. (See PRECAUTIONS, General). 

4. Inform your physician about any other medications you are currently taking including 

non-prescription drugs. 

Carcinogenesis. Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males or females. 

Pregnancy Category B: Reproduction studies have been performed in mice, rats, and 
rabbits at doses up to 6.6 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to CONRAY. There are however no adequate and well 
controlled studies in pregnant women. Because animal reproduction studies are rot always 
predictive of human response, this drug should be used during pregnancy only if clearly 
needed. 

Nursing Mothers: lothalamate salts are excreted unchanged in human milk. Because of 
the potential for adverse effects in nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of this drug. 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 
Excretory Urography 


Infants and small children should not have any fluid restrictions prior to exeretory 
urography. Injections of CONRAY and CONRAY-43 represent an osmotic load which, if 
superimposed on increased serum osmolality due to partial dehydration, may magnify 
hypertonic dehydration. (Gee WARNINGS and PRECAUTIONS, General concerning pre- 
paratory dehydration). 


Brief summary continued on last page of ad. 


As versatile as the 


Conray-43 (iothalamate meglumine injection U.S.P 43%): 
Unique benefits for CT and venography 


Conray®-43 provides an ideal iodine concentration for use in lower extremity 
venography, CT scans, and infusion urography. Conray-43 combines good 
visualization with low toxicity and excellent patient tolerance. Because of its low 
viscosity, Conray-43 offers a shorter infusion time for a 200 mL dose versus 
150 mL dose of 60% solution. The lower osmolality of Conray-43 compared to a 
60% conventional agent may mean less post-procedural phlebitis, with no loss 
of imaging quality. 

For routine CT and lower extremity venography procedures, give your 
patients the unique benefits of Conray-43—the affordable, 
well-tolerated alternative. 
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Conray’ (iothalamate meglumine injection U.S.P 60%): 
A proven performer 


Conray® offers you reliable performance, proven in over 15 million procedures 
in the last five years, ranging from IVPs to enhancement of CT images. Conray 
provides an iodine content that yields good visualization with low toxicity and 
good patient tolerance. 

The viscosity allows for bolus injection or rapid infusion, where necessary. 
And the variety of vial and bottle sizes lets you choose the pene volume and 
mode of administration you need in your practice. 
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iodinated contrast media—the standard 


by which all others are judged. Changing the look of medicine 





Continuation of brief summary for Conray® and Conray®-43 


Cerebral Angiography 

Cerebral angiography should be performed with special caution in patients with ad- 
vanced arteriosclerosis, severe hypertension, cardiac decompensation, senility, recent 
cerebral thrombosis or embolism, and migraine. 


Peripheral Arteriography and Venography 

Moderate decreases in blood pressure occur frequently with intra-arterial (brachial) 
injections. This change is usually transient and requires no treatment, however, the blood 
pressure should be monitored for approximately ten minutes following injection. Special 
care is required when venography is performed in patients with suspected thrombosis, 
phlebitis, severe ischemic disease, local infection or a totally obstructed venous system. In 
the presence of venous stasis, vein irrigation with normal saline should be considered 
following the procedure. Venography is optimally performed with a more dilute solution 
such as Conray”-43 (lothalamate Meglumine Injection USP 43%). 

Extreme caution during injection of the contrast agent is necessary to avoid extravasa- 
tion and fluoroscopy is recommended. This is especially important in patients with severe 
arterial or venous disease. 


Arthrography 

During arthrography, strict aseptic technique is required to prevent the introduction of 
infection. Fluoroscopic control should be used to insure proper introduction of the needle 
into the synovial space and prevent extracapsular injection. Aspiration of excessive synovial 
fluid will reduce the pain on injection and prevent the rapid dilution of the contrast agent. It is 
important that undue pressure not be exerted during the injection. 


Direct Cholangiography 

In the presence of acute pancreatitis, direct cholangiography, if necessary, should be 
employed with caution, injecting no more than 5 to 10 mL without undue pressure. Percuta- 
neous transhepatic cholangiography should only be attempted when compatible blood for 
potential transfusions is in readiness and emergency surgical facilities are available. The 
patient should be carefully monitored for at least 24 hours to insure prompt detection of bile 
leakage and hemorrhage. Appropriate pre-medication of the patient is recommended and 
drugs which are cholespastic, such as morphine, should be avoided. Respiratory move- 
ments should be controlled during introduction of the needle. 


Endoscopic Retrograde Cholangiopancreatography 

Endoscopic retrograde cholangiopancreatography should only be performed by person- 
nel skilled and experienced with the procedure, and careful attention to technique is 
essential for the success and safety of the procedure. Fluoroscopy is mandatory during 
injection to prevent over distention of the duct systems. 


Contrast Enhancement in Body Computed Tomography 

It is advisable to insure that patients are adequately hydrated prior to the contrast 
enhanced body CT examination. Patient motion, including respiration, can markedly affect 
image quality, therefore, patient cooperation is essential. The use of an intravascular 
contrast medium can obscure tumors in patients undergoing CT evaluation of the liver 
resulting in a false negative diagnosis. Dynamic CT scanning is the procedure of choice for 
malignant tumor enhancement. 


Intravenous Digital Subtraction Angiography 

The risks associated with IV DSA are those usually attendent with catheter procedures 
and include intramural injections, vessel dissection and tissue extravasation. Small test 
injections of contrast medium made under fluoroscopic observation to insure the catheter 
tip is properly positioned, and in the case of peripheral placement that the vein is of 
adequate size, will reduce this potential. 

Patient motion, including respiration and swallowing, can result in marked image degra- 
dation yielding non-diagnostic studies. Therefore, patient cooperation is essential. 


Arterial Digital Subtraction Angiography 

The risks associated with arterial DSA are those usually attendent with catheter proce- 
dures. Following the procedure, gentle pressure hemostasis is required, followed by 
observation and immobilization of the limb for several hours to prevent hemorrhage from 
the site of arterial puncture. 


ADVERSE REACTIONS 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic 
reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physio-chemical properties of the contrast media, 
the dose and speed of injection. All hemodynamic disturbances and injuries to organs or 
vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 
20 to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of 
dose injected, the speed of injection, the mode of injection and the radiographic procedure. 
Idiosyncratic reactions are subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

Fatalities have been reported following the administration of iodine-containing contrast 
agents. Based upon clinical literature, the incidence of death is reported to range from one 
in 10,000 (0.01 percent) to less than one in 100,000 (0.001 percent). 






The following adverse reactions have been observed in conjunction with the use of 
iodine-containing contrast agents. 

The most frequent adverse reactions are nausea, vomiting, facial flush and a feeling of 
body warmth. These are usually of brief duration. Other reactions include the following: 

Hypersensitivity reactions: Dermal manifestations of urticaria with or without pruritus, 
erythema and maculopapular rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to the respiratory system include 
sneezing, nasal stuffiness, coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infrequent reactions including 
asthmatic attack, laryngospasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type reactions can progress into ana- 
phylaxis with loss of consciousness and coma and severe cardiovascular disturbances. 

Cardiovascular reactions: Generalized vasodilation, flushing and venospasm. Occasion- 
ally, thrombosis or rarely, thrombophlebitis. Red blood cell clumping and agglutination, 
crenation and interference in clot formation. Extremely rare cases of disseminated intra- 
vascular coagulation resulting in death have been reported. Severe cardiovascular re- 
sponses include rare cases of hypotensive shock, coronary insufficiency, cardiac arrhythmia, 
fibrillation and arrest. These severe reactions are usually reversible with prompt and 
appropriate management; however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, hematomas, ecchymosis and 
tissue necrosis, paresthesia or numbness, vascular constriction due to injection rate, 
thrombosis and thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syncope, paresis, paralysis result- 
ing from spinal cord injury and pathology associated with syndrome of transverse myelitis, 
visual field losses which are usually transient but may be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills without fever and light-headedness. 
Temporary renal shutdown or other nephropathy. 


ADVERSE REACTIONS FOR SPECIFIC PROCEDURES: 
Cerebral Angiography 


The major sources of cerebral arteriographic adverse reactions appear to be related to 
repeated injections of the contrast material, administration of doses higher than those 
recommended, the presence of occlusive atherosclerotic vascular disease and the method 
and technique of injection. 

Adverse reactions are normally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. Infrequently, a more severe burning discomfort is observed. 

Serious neurological reactions that have been associated with cerebral angiography and 
not listed under the general Adverse Reactions include stroke, amnesia and respiratory 
difficulties. 

Cardiovascular reactions that may occur with some frequency are bradycardia and 
decrease in systemic blood pressure. The blood pressure change is transient and usually 
requires no treatment. 


Peripheral Arteriography and Venography 

Hemorrhage and thrombosis have occurred at the puncture site of the percutaneous 
injection. Brachial plexus injury has been reported following axillary artery injection. 
Thrombophlebitis, syncope and very rare cases of gangrene have been reported following 
venography. 


Arthrography 

Arthrography may induce joint pain or discomfort which is usually mild and transient but 
occasionally may be severe and persist for 24 to 48 hours following the procedure. Effusion 
requiring aspiration may occur in patients with rheumatoid arthritis. 


Direct Cholangiography 

Adverse reactions may often be attributed to injection pressure or excessive volume of 
the medium resulting in overdistention of the ducts and producing local pain. 

Some of the medium may enter the pancreatic duct which may result in pancreatic 
irritation. Occasionally, nausea, vomiting, fever, and tachycardia have been observed. 
Pancholangitis resulting in liver abscess or septicemia has been reported. 

In percutaneous transhepatic cholangiography, some discomfort is common, but severe 
pain is unusual. Complications of the procedure are often serious and have been reported 
in 4 to 6 percent of patients. These reactions have included bile leakage and biliary 
peritonitis, gall bladder perforation, internal bleeding (sometimes massive), blood-bile 
fistula resulting in septicemia involving gram-negative organisms, and tension pneumotho- 
rax from inadvertent puncture of the diaphragm or lung. Bile leakage is more likely to occur 
in patients with obstructions that cause unrelieved high biliary pressure. 


Endoscopic Retrograde Cholangiopancreatography 

Adverse reactions that have occurred which are attributable to either the ERCP proce- 
dure or contrast agent include nausea, vomiting, fever, severe abdominal pain, duodenal 
wall intravasation, septicemia, pancreatitis and perforation of the common bile duct associ- 
ated with pathology. 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the Conray and Conray-43 package insert. CONSULT 


FULL PACKAGE INSERT BEFORE USE. 
Rev. August 1987 


® Diagnostic Products Division 


Mallinckrodt, Inc. 
Post Office Box 5840 
St. Louis, MO 63134 
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A 2 second, 10 mm scan of the mid-abdomen 


demonstrates excellent visualization of the periaortic structures. 
Note the fine detail seen in the bowel wall. 


The new CI 9800 Hilight Detector 


revolutionary new 

detector material from 

the scientists at GE is 
producing CT images of extra- 
ordinary quality. 

With efficiency and sensitivity 
far beyond that of other detectors, 
HiLight brings even greater spatial 
resolution and low contrast detect- 
ability to the CT 9800™ Quick 
system. 

In a standard 2 second scan, 
for example, spatial resolution 
measures 0.65 mm. In the high 
resolution mode—035 mm. Low 
contrast detectability is equally 
impressive—2.5 mm at 0.25% con- 
trast (<4 rads). 

As a result, clinical images are 
remarkable—even by GE standards. 
Improved definition between grey 
and white matter in head studies. 
Superior detection of liver lesions, 
periaortic structures and mesenteric 
vasculature. Clear presentation of 
the smallest details of anatomy 
and pathology in studies of the 
spine, chest, inner ear and orbits. 




































Stall the standard 


CT 9800 Quick continues to be 
the system by which all others are 
measured in computed tomo- 
graphy. Its standard features have 
always been exceptional. Routine 
2-second scanning. Ability to scan, 
reconstruct, display and film slices 
in less than 16 seconds. Real-time 
ScoutView,'™ dynamic scanning, 
Arrange™ reformatting and a host 
of other features that enhance 
both the clinical effectiveness and 
efficiency of your CT department. 

And now, with the HiLight 
Detector, we've raised our image 
quality standards even higher—so 
you can continue to provide the 
ultimate in CT imaging to your 
patients. 

The CT 9800 Quick system with 
the HiLight Detector. An extraor- 
dinary combination from GE. 

For more information, call GE 
Medical Systems toll free: 


(800) 624-5692. 





No tradeoffs 


Perhaps the most significant 
aspect of imaging with the CT 9800 
Quick/HiLight system is that there 
are no compromises. In any study 
you can combine fast scan times 
with low dose levels and still get 
superior images. 

Which means better pediatric 
studies. More comprehensive 
dynamic scanning. More efficient 
throughput with fewer tube cool- 
ing delays. 

Dose for dose, scan time for 
scan time, there is no better image 
quality available to you in CT today. 
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How five typical hospitals 
increased their x-ray departments’ 
operating efficiency . 

by 20% 






CURIX and the AGFA-Rhombus are registered trademarks of Agfa-Gevaert, Leverkusen/Antwerp. © 1987 Agfa-Gevaert Rex 
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The results are in. With CURIX® “Capacity” Film Center, 


efficiency goes up...costs go down! 


Time savings per exam......... 
Time spent with patient........ 
Equipment reliability ............. 
Productivity .......sssssssssssserssessees 
Personnel COSTS ....cssscssssssssss. 


Repeat/waste filMS ................ 


We studied 5 hospitals before and after 
installation of the CURIX® “Capacity” Film 
Center - AGFA's automated, daylight, 
cassette loading, unloading and processing 
system - and the results are impressive 


We also studied 2 hospitals that have been 
using the CURIX* “Capacity” for over a year, 
and one of them saved over $111,000 (salaries 
and benefits) by reassigning 4 personnel as a 
result of increased productivity. 


What does a 20% reduction in total 
procedure/processing time mean to your 
radiology department? 


W Decrease total patient time per 
procedure, permits additional examinations 
to be made, or additional patients to be 
examined. 


E Decrease processing time, because 
techniologists are no longer loading and 
unloading cassettes, waiting for darkroom 
technicians, walking long distances to and 
from the darkroom. 


WE Increased technologist's time with 
patient provides better patient care. 


E Improves staff morale. 











Average 20% 


99% uptime 
Increased 
Save $111,000 
Reduced 






E Decrease repeat 
rate, waste of film... 
and time. 

© CURIX “Capacity” is om 
always on-the-job...and on-time 
with an average up-time of over 99%, 
it won't let you down. 


CURIX “Capacity” is easy to use...all it takes 
is 15 seconds to unload, reload, and return 
the cassette to the technologist. And, its only 
a few steps away from the examination room. 
Its integrated processor delivers film ready for 
viewing in only 90 seconds. 


This new study proves the tangible benefits 
of AGFA's advanced daylight film handling 
system. Request your copy today! 


CURIX “Capacity” Film Center... 

the shortest route from examination 
room to viewbox. 

For additional information, contact: 
Marketing Department 

Agfa-Gevaert Rex 

A division of Agfa-Gevaert. Inc. 

100 Challenger Road 

Ridgefield Park, NJ 07660 

(201) 641-9566 
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iopamidol injection 


THE CLEAR CHOICE 


A broad range 
of indications 


Peripheral arteriography 

Coronary arteriography and 
ventriculography 

IVP (excretory urography)} 

Myelography (lumbar, thoracic, 
cervical, total columnar) 

Cerebral arteriography 

CT head and body imaging 

CT cisternography and 
ventriculography 

Visceral arteriography (selective) 

Aortography 

IA-DSA 

Peripheral venography 
(phlebography) 





The only nonionic contrast agents you need to stock 


Diagnostics 
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Please see brief summary of prescribing information on adjacent pages. 
This product is under license from Bracco Industria Chimica, S.p.A. U.S. Patent #4,001,323 


© 1988 E.R. Squibb & Sons, Inc., Princeton, NJ 647-508 Issued: Januar y 1988 


ISOVUE"-128 (lopamidol Injection 26%) 
ISOVUE"-200 (lopamidol Injection 41%) 
ISOVUE"-300 (lopamidol Injection 61%) 
ISOVUE"-370 (lopamidol Injection 76%) 
ISOVUE-M” 200 (lopamidol Injection 41%) 
ISOVUE-M” 300 (lopamidol Injection 61%) 
INDICATIONS AND USAGE 
ISOVUE (lopamidol Injection) is indicated for intra-arterial digital subtraction angiography 
(DSA) of the cerebral and abdominal vasculature and for angiography throughout the cardio- 
vascular system, including cerebral and peripheral arteriography, coronary arteriography and 
ventriculography, selective visceral arteriography and aortography, peripheral venography 
(phlebography), and intravenous excretory urography and intravenous contrast enhancement 
of computed tomographic (CECT) head and body imaging. 

ISOVUE-M (lopamidol Injection) is indicated for intrathecal administration in neuroradiology 
including myelography (lumbar, thoracic, cervical, totalcolumnar), andforcontrastenhancement 
of computed tomographic (CECT) cisternography and ventriculography. 


CONTRAINDICATIONS 


ISOVUE (lopamidol Injection) 
None. 


ISOVUE-M (lopamidol Injection) 

Intrathecal administration of corticosteroids with iopamidol is contraindicated. Because of 
overdosage considerations, immediate repeat myelography in the event of technical failure is 
contraindicated (see interval recommendation under DOSAGE AND ADMINISTRATION). Mye- 
lography should not be performed in the presence of significant local or systemic infection 
where bacteremia is likely. 

WARNINGS 
ISOVUE-M (lopamidol Injection) 

The need for myelographic examination should be carefully evaluated. lopamidol should be 
administered with caution in patients with increased intracranial pressure or suspicion of 
intracranial tumor, abscess or hematoma, those with a history of convulsive disorder, severe 
cardiovascular disease, chronic alcoholism, or multiple sclerosis, and elderly patients. Partic- 
ular attention must be given to state of hydration, concentration of medium, dose, and tech- 
nique used in these patients. 

If frankly bloody cerebrospinal fluid is observed, the possible benefits of a myelographic 
examination should be considered in terms of risk to the patient. 

Patients on anticonvulsant medication should be maintained on this therapy. 

Direct intracisternal or ventricular administration for standard radiography (without comput- 
erized tomographic enhancement) is not recommended. Inadvertent intracranial entry of a 
large or concentrated bolus of the contrast medium, which increases the risk of neurotoxicity, 
can be prevented by careful patient management. Also, effort should be directed to avoid rapid 
dispersion of the medium causing inadvertent rise to intracranial levels (e.g., by active patient 
movement). If such intracranial entry of the medium occurs, prophylactic anticonvulsant treat- 
ment with diazepam or barbiturates orally for 24 to 48 hours should be considered. 

Use of medications that may lower the seizure threshold (phenothiazine derivatives, including 
those used for their antihistaminic properties; tricyclic antidepressants; MAO inhibitors; CNS 
stimulants; analeptics; antipsychotic agents) should be carefully evaluated. While the contribu- 
tory role of such medications has not been established, some physicians have discontinued 
these agents at least 48 hours before and for at least 24 hours following intrathecal use. 

Focal and generalized motor seizures have been reported after intrathecal use of water- 
soluble contrast agents including iopamidol. In several of those cases reported with iopamidol, 
higher than recommended doses were employed. Therefore avoid: 


@ Deviations from recommended neuroradiologic procedure or patient management. 

@ Use in patients with a history of epilepsy unless medically justified. 

® Overdosage. 

@ Intracranial entry of a bolus or premature diffusion of a high concentration of the medium. 
@ Failure to maintain elevation of the head during the procedure, on the stretcher, and in bed. 
@ Excessive and particularly active patient movement or straining. 

ISOVUE (lopamidol Injection) 

Caution must be exercised in patients with severely impaired renal function, those with com- 
bined renal and hepatic disease, or anuria particularly when larger doses are administered. 

Radiopaque diagnostic contrast agents are potentially hazardous in patients with multiple 
myeloma or other paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither the contrast agent 
nor dehydration has been proved separately to be the cause of anuria in myelomatous patients, 
it has been speculated that the combination of both may be causative. The risk in myelomatous 
patients is not a contraindication; however, special precautions are required. 

Contrast media may promote sickling in individuals who are homozygous for sickle cell dis- 
ease when injected intravenously or intraarterially. 

Administration of radiopaque materials to patients Known or suspected of having pheo- 
chromocytoma should be performed with extreme caution. If, in the opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures may 
be performed; however, the amount of radiopaque medium injected should be kept to an abso- 
lute minimum. The blood pressure should be assessed throughout the procedure and mea- 
sures for treatment of a hypertensive crisis should be available. These patients should be 
monitored very closely during contrast-enhanced procedures. 

Reports of thyroid storm following the use of iodinated radiopaque diagnostic agents in 
patients with hyperthyroidism or with an autonomously functioning thyroid nodule suggest that 
this additional risk be evaluated in such patients before use of any contrast medium. 


PRECAUTIONS 
General 


Diagnostic procedures which involve the use of any radiopaque agent should be carried out 
under the direction of personnel with the prerequisite training and with a thorough knowledge 
of the particular procedure to be performed. Appropriate facilities should be available for cop- 
ing with any complication of the procedure, as well as for emergency treatment of severe 
reaction to the contrast agent itself. After parenteral administration of a radiopaque agent, 
competent personnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients 
with advanced vascular disease, diabetic patients, and in susceptible nondiabetic patients 
(often elderly with preexisting renal disease). Patients should be well hydrated prior to and 
following iopamidol administration. 

The possibility of a reaction, including serious, life-threatening, tatal, anaphylactoid or cardio- 
vascular reactions, should always be considered (see ADVERSE REACTIONS). Patients at in- 
creased risk include those with a history of a previous reaction to a contrast medium, patients 
with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity 
(bronchial asthma, hay fever, and food allergies). The occurrence of severe idiosyncratic reac- 
tions has prompted the use of several pretesting methods. However, pretesting cannot be relied 
upon to predict severe reactions and may itself be hazardous for the patient. It is suggested that 
a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection 
of any contrast medium, may be more accurate than pretesting in predicting potential adverse 
reactions. A positive history of allergies or hypersensitivity does not arbitrarily contraindicate 
the use of a contrast agent where a diagnostic procedure is thought essential, but caution 
should be exercised. Premedication with antihistamines or corticosteroids to avoid or minimize 


possible allergic reactions in such patients should be considered (see CONTRAINDICATIONS). 
Reports indicate that such pretreatment does not prevent serious life-threatening reactions, 
but may reduce both their incidence and severity. 

General anesthesia may be indicated in the performance of some procedures in selected 
patients; however, a higher incidence of adverse reactions has been reported with radiopaque 
media in anesthetized patients, which may be attributable to the inability of the patient to iden- 
tify untoward symptoms, or to the hypotensive effect of anesthesia which can reduce cardiac 
output and increase the duration of exposure to the contrast agent. 

Even though the osmolality of iopamidol is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in the circu- 
latory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforat- 
ing the vessel wall should be borne in mind during catheter manipulations and contrast 
medium injection. Test injections to ensure proper catheter placement are suggested. Follow- 
ing arteriographic procedures, gentle pressure hemostasis is required, followed by observa- 
tion and immobilization of the limb for several hours to prevent hemorrhage from the site of 
arterial puncture. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than ionic contrast media at comparable concentrations. For this 
reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast in syringes and 
catheters should be avoided. 

Selective coronary arteriography should be performed only in selected patients anc those 
in whom the expected benefits outweigh the procedural risk. The inherent risks of angio- 
cardiography in patients with chronic pulmonary emphysema must be weighed against the 
necessity for performing this procedure. Angiography should be avoided whenever possible 
in patients with homocystinuria, because of the risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required when 
venography is performed in patients with suspected thrombosis, phlebitis, severe ischemic dis- 
ease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to avoid extravasation and 
fluoroscopy is recommended. This is especially important in patients with severe arterial or 
venous disease. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Information For Patients 

Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, 
homozygous sickle cell disease, or known thyroid disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any reactions to 
previous injections of substances used for x-ray procedures (see PRECAUTIONS, General). 

4. Inform your physician about any other medications you are currently taking, including 
nonprescription drugs, before you have this procedure. 


Drug Interactions 

Renal toxicity has been reported in a few patients with liver dysfunction who were given oral 

cholecystographic agents followed by intravascular contrast agents. Administration of 

intravascular agents should therefore be postponed in any patient with a known or suspected 

hepatic or biliary disorder who has recently received a cholecystographic contrast agent. 
Other drugs should not be admixed with iopamidol. 


Drug/Laboratory Test Interactions 
The results of PBI and radioactive iodine uptake studies, which depend on iodine estimations, 
will not accurately reflect thyroid function for up to 16 days following administration of iodinated 
contrast media. However, thyroid function tests not depending on iodine estimations, e.g., T3 
resin uptake and total or free thyroxine (T4) assays are not affected. 

Any test which might be affected by contrast media should be performed prior to administra- 
tion of the contrast medium. 


Laboratory Test Findings 

In vitro studies with animal blood showed that many radiopaque contrast agents, including 
iopamidol, produced a slight depression of plasma coagulation factors including prothrombin 
time, partial thromboplastin time, and fibrinogen, as well as a slight tendency to cause platelet 
and/or red blood cell aggregation (see PRECAUTIONS, General). 

Transitory changes may occur in red cell and leucocyte counts, serum calcium, serum creat- 
inine, serum glutamic oxalacetic transaminase (SGOT), and uric acid in urine; transient albu- 
minuria may occur. 

These findings have not been associated with clinical manifestations. 


Carcinogenesis, Mutagenesis, Impairment Of Fertility 
In animal reproduction studies performed on rats, intravenously administered iopamidol did 
not induce adverse effects on fertility or general reproductive performance. 

In studies to determine mutagenic activity, iopamidol did not cause any increase in 
mutation rates. 


Pregnancy Category B 
No teratogenic effects attributable to iopamidol have been observed in teratology studies 
performed in animals. There are, however, no adequate and well controlled studies in pregnant 
women. It is not known whether iopamidol crosses the placental barrier or reaches fetal tis- 
sues. However, many injectable contrast agents cross the placental barrier in humans and 
appear to enter fetal tissues passively. Because animal teratology studies are not always pre- 
dictive of human response, this drug should be used during pregnancy only if clearly needed. 
Radiologic procedures involve a certain risk related to the exposure of the fetus to ioniz- 
ing radiation. 
Labor and Delivery 
It is not known whether use of contrast agents during labor or delivery has immediate or 
delayed adverse effects on the fetus, prolongs the duration of labor or increases the likeli- 
hood that forceps delivery or other obstetrical intervention or resuscitation of the newborn 
will be necessary. 


Nursing Mothers 

It is not Known whether iopamidol is excreted in human milk. However, many injectable contrast 
agents are excreted unchanged in human milk. Although it has not been established that seri- 
ous adverse reactions occur in nursing infants, caution should be exercised when intravascular 
contrast media are administered to nursing women because of potential adverse reactions, 
and consideration should be given to temporarily discontinuing nursing. 

Pediatric Use 

Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

ISOVUE (lopamidol Injection) 

Adverse reactions following the use of iopamidol are usually mild to moderate, self-limited, 
and transient. 

In a clinical trial with 100 patients undergoing intra-arterial DSA, adverse reactions possibly 
attributed to ISOVUE-128 administration were nausea (2%), headache (1%) and vomiting (1%). 
One patient with preexisting renal impairment and severe bilateral renal vascular disease ex- 
perienced renal failure, possibly secondary to a subsequent acute episode of congestive heart 
failure and/or drug administration (see Warnings). 


In angiocardiography (597 patients), the adverse reactions with an estimated incidence of 
one percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 
1.3%; hypotension 1.0%; hives 1.0%. 

Intravascular injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral arteriography and venography; pain and warmth are less fre- 
quent and less severe with ISOVUE (lopamidol Injection) than with diatrizoate meglumine and 
diatrizoate sodium injection. 

The following table of incidence of reactions is based on clinical studies with ISOVUE in 
about 1941 patients. 


Adverse Reactions 


Estimated Overall Incidence 
System > 1% < 1% 


Cardiovascular none 





tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 
vasovagal reaction 
tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 
dyspnea 

pulmonary edema 
Skin and Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 
back spasm 

taste alterations 
nasal congestion 
visual disturbances 
Urogenital none urinary retention 


Regardless of the contrast agent employed, the overall estimated incidence of serious ad- 
verse reactions is higher with coronary arteriography than with other procedures. Cardiac de- 
compensation, serious arrhythmias, or myocardial ischemia or infarction may occur during 
coronary arteriography and left ventriculography. Following coronary and ventricular injections, 
certain electrocardiographic changes (increased QTc, increased R-R, T-wave amplitude) and 
certain hemodynamic changes (decreased systolic pressure) occurred less frequently with 
ISOVUE (lopamido! Injection) than with diatrizoate meglumine and diatrizoate sodium injec- 
tion; increased LVEDP occurred less frequently after ventricular iopamidol injections. 

In aortography, the risks of procedures also include injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubular necrosis with 
oliguria and anuria, accidental selective filling of the right renal artery during the translumbar 
procedure in the presence of preexisting renal disease, retroperitoneal hemorrhage from the 
transiumbar approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. 

Adverse effects reported in clinical literature for iopamido! include arrhythmia, arterial spasms, 
hematuria, periorbital edema, involuntary leg movement, malaise, and triggering of deglutition; 
some of these may occur as a consequence of the procedure. Other reactions may also occur 
with the use of any contrast agent as a consequence of the procedural hazard; these include 
hemorrhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal chem- 
istry tests. Arterial thrombosis, displacement of arterial plaques, venous thrombosis, dissec- 
tion of the coronary vessels and transient sinus arrest are rare complications. 

ISOVUE-M (lopamidol Injection) 

The most frequently reported adverse reactions following intrathecal administration of iopamidol 
are headache, nausea, vomiting and musculoskeletal pain. These reactions usually occur 1 to 
10 hours after injection, almost all occurring within 24 hours. They are usually mild to moderate 
in degree lasting for a few hours and usually disappearing within 24 hours. Rarely, headaches 
may be severe or persist for days. Headache is often accompanied by nausea and vomiting, 
and tends to be more frequent and persistent in patients not optimally hydrated. 

Backache, neck stiffness, numbness and paresthesias, leg or sciatic-type pain occurred 
less frequently, often in the form of a transient exacerbation of preexisting symptomatology. 
Transient alterations in vital signs may occur and their significance must be assessed on an 
individual basis. 

The following table of incidence of reactions is based on clinical studies with ISOVUE-M 
(lopamidol injection) in about 615 patients. 


Nervous pain (2.8%) 


burning sensation (1.4%) 


Digestive nausea (1.2%) 


Respiratory none 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%) 


Adverse Reactions 
Estimated Overall Incidence 
System > 1% <1% 
Body as a Whole headache (18.1%) pyrexia 
muscle weakness 
hot flashes 
malaise 
fatigue 
weakness 
Digestive nausea (7.3%) diarrhea 
vomiting (3.7%) heartburn 
Musculoskeletal back pain (2.3%) leg cramps 
leg pain (1.4%) sciatica 


cervicobrachial irritation 

meningeal irritation 

radicular irritation, 
lumbosacral 

other musculoskeletal pain 

involuntary movement 

burning sensation 

tachycardia 

hypertension 

chest pain 


neck pain (1.1%) 


Cardiovascular hypotension (1.1%) 


Adverse Reactions (con't) 
Estimated Overall Incidence 
System > 1% < 1% 
Nervous none emotional stress 
dizziness 
paresthesia 
confusion 
hallucinations 
lightheadedness 
syncope 
numbness 
cold extremities 
Urogenital none urinary retention 
Respiratory none dyspnea 
Skin and Appendages none rash 
Miscellaneous none injection site pain 


Other adverse effects reported in clinical literature for iopamidol include facial neuralgia, 
tinnitus, and sweating. 

Major motor seizures have been reported in the clinical literature and since market introduc- 
tion in the United States. Early onset of seizures (less than two hours) is indicative of early 
substantial intracranial entry. Transitory EEG changes occur and usually take the form of slow 
wave activity. 

While not observed in controlled clinical studies with ISOVUE-M (lopamidol Injection), or 
reported in clinical literature, the following adverse reactions may occur because they have 
been reported with other nonionic contrast agents: cardiovascular (arrhythmias); aseptic men- 
ingitis syndrome; allergy or idiosyncrasy (chills, pruritus, nasal congestion, Guillain-Barre syn- 
drome); CNS irritation (psycho-organic syndrome: mild and transitory perceptual aberrations 
such as depersonalization, anxiety, depression, hyperesthesia, disturbances in speech, sight, 
or hearing, and disorientation; in addition, hyperreflexia or areflexia, hypertonia or flaccidity, 
restlessness, tremor, echoacousia, echolalia, asterixis or dysphasia have occurred). Profound 
mental disturbances have rarely been reported (various forms and degrees of aphasia, mental 
confusion or disorientation); the onset is usually at 8 to 10 hours and lasts for about 24 hours 
without aftereffects. 

However, occasionally they have been manifest as apprehension, agitation, or progressive 
withdrawal to the point of stupor in several instances. In a few cases, these have been accom- 
panied by transitory hearing loss or other auditory symptoms and visual disturbances (believed 
subjective or delusional). Persistent cortical loss of vision in association with convulsions, and 
ventricular block have been reported. Rarely, persistent though transitory weakness in the leg 
or ocular muscles has been reported. Peripheral neuropathies have been rare and transitory. 
They include sensory and/or motor or nerve root disturbances, myelitis, persistent leg muscle 
pain or weakness, or sixth nerve palsy, or cauda equina syndrome. Muscle cramps, fascicula- 
tion or myoclonia, spinal convulsion, or spasticity are unusual. 


General Adverse Reactions To Contrast Media 

Reactions known to occur with parenteral administration of iodinated ionic contrast agents 
(see the listing below) are possible with any nonionic agent. Approximately 95 percent of ad- 
verse reactions accompanying the use of other water-soluble intravascularly administered 
contrast agents are mild to moderate in degree. However, life-threatening reactions and fatali- 
ties, mostly of cardiovascular origin, have occurred. 

Reported incidences of death from the administration of other iodinated contrast media 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients (0.01 percent). Most 
deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest with 
cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive col- 
lapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
20,000 (0.005 percent) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. Chemotoxic reactions result from the physico-chemical proper- 
ties of the contrast medium, the dose, and the speed of injection. All hemodynamic distur- 
bances and injuries to organs or vessels perfused by the contrast medium are included in this 
category. Experience with iopamidol suggests there is much less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography. Fewer changes are noted in ventricular function after 
ventriculography and coronary arteriography. 

idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 
to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of drug 
injected, the speed of injection, the mode of injection, and the radiographic procedure. Idio- 
syncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions 
are self-limited and of short duration; the severe reactions are life-threatening and treatment is 
urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the general population. Patients with a history of previous reactions toa 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. Most adverse reac- 
tions to intravascular contrast agents appear within one to three minutes after the start of 
injection, but delayed reactions may occur (see PRECAUTIONS, General). 

Because measurable plasma levels are attained following the intrathecal administration of 
iopamidol, adverse reactions reported with the use of intravascular contrast agents are theo- 
retically possible. In addition to the adverse drug reactions reported for iopamidol, the follow- 
ing additional adverse reactions have been reported with the use of other intravascular contrast 
agents and are possible with the use of any water-soluble iodinated contrast agent: 
Cardiovascular: vasodilation, cerebral hematomas, petechiae, hemodynamic disturbances, 
sinus bradycardia, transient electrocardiographic abnormalities, ventricular fibrillation. 
Digestive: nausea, vomiting, severe unilateral or bilateral swelling of the parotid and submaxil- 
lary glands. 

Nervous: paresthesia, dizziness, convulsions, paralysis, coma. 

Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, 
rhinitis, dyspnea. 

Skin and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis. 

Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, pain. 

Special Senses: bilateral ocular irritation; lacrimation; conjunctival chemosis, in‘ection, and 
conjunctivitis; itching. 

The following reactions may also occur: neutropenia, thrombophlebitis, flushing, pallor, weak- 
ness, severe retching and choking, wheezing, cramps, tremors, and sneezing. 


HOW SUPPLIED 


ISOVUE-128: 10 x 50 mL vials; ISOVUE-200: 10 x 50 mL vials and 10 x 100 mL bottles; 
ISOVUE-300: 10 x 50 mL vials and 10 x 100 mL bottles and 10 x 150 » ISOVUE-370: 









10 x 50 mL vials and 10 x 100 mL, 10 x 150 mL and 10 x 200 mL botti Ņ 20010 x 20 mL 
vials; ISOVUE-M 300: 10 x 15 mL vials. é? 
STORAGE T, a 
ISOVUE" and ISOVUE-M" liopamidol injection) should om temperature not 


exceeding 86° F. Protect from light. 


For full prescribing information consult package insert. 
J3-702A/J3-652E/J3-653E. 


© 1987 E.R. Squibb & Sons, Inc., Princeton, NJ 647-508 





COMING SOONER 
THAN YOU THINK MIRI 


BEYOND THE IMAGINATION 


Imaging that’s going to give you the details you've always 
wanted. Images that help define and differentiate. That's 

what the researchers at Berlex Imaging have been work- 

ing on. Our research is dedicated to developing contrast 
material so you can see as you've never seen before. 

The results of our research may be here sooner than PERPEN 
you think. But it’s only the beginning of imaging beyond  /MINMÐ 
the imagination from Berlex. ADAN 








Berlex Imaging AJR 2/88 
300 Fairfield Road 
Wayne NJ 07470 


Yes, | want to be one of the first to know about MRI 
beyond the imagination. 
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specialty (including subspecialty) ID number 


Introducing A Sensitive, Well-balanced Approach 


The Konica Monarch 
ammography System 








inimizes Patient Exposure 


Konica Monarch Mammography System provides a balanced approach 
to mammography by combining optimal image quality, with the benefits 
of lower dose levels and minimal patient exposure. 


Film/Screen Characteristics Ideally 
Suited for Mammography 


Konica Monarch Mammography System is an effective imaging system 
for the diagnosis of soft tissue masses and calcifications. For screening, 
Type CM film also has the potential to demonstrate non-palpable lesions. 


is compatible with most 
I ography systems. 





Type CM Film 


Konica CM orthochromatic film 
has excellent low density contrast 
for visualization of calcifications, 
along with increased soft tissue 
visibility. Type CM film employs 
Konica’s (HMG) High Ortho 
Mono-Dispersed Grain 
Technology. 


Advanced HMG Technology 
uses fine grains, which are more 
condensed and uniform, and 
designed to provide optimal 
imaging for mammography. With 
Type CM film, you not only see 
superior resolution and contrast, 
you're provided with more diag- 
nostic information without having 
to sacrifice speed. 


The Monarch 
Screen 


The Monarch System uses a 
single rare-earth intensifying 
screen which incorporates 
green emitting phosphors and 

is designed for radiographic 
examinations where high resolu- 
tion is required. 


In addition to its anti-static 
characteristics, the textured 
screen surface also aids in the 
expulsion of trapped air between 
the screen and film, resulting in 
intimate contact for maximum 
image sharpness. 


The Monarch 
Cassette 


The Monarch cassette maintains 
the film in close and uniform 
contact with the intensifying 
screen. The cassettes are 
designed to allow closer posi- 
tioning of the film to the chest 
wall for maximum anatomical 
diagnosis. 
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| 
The NEW UNIVERSITY OF MIAMI 


Ackrad H/S Catheter Set for 
Hyster osalpingogr aphy School of Medicine 


Now: Easier on the Patient... 
Better for the Physician 
The unique small sizes (5 and 7F) of the flexible balloon- Department of Radiology is recruiting faculty for the UM/ 


bearing catheter provide previously unavailable free- Jackson Memorial Medical Center, a 1300 bed tertiary referral 
SOT TIA dd cabelas OA a a center. Positions available to meet expanding clinical and 
and inflation syringe are included in the set for a rapid , l 

and efficient procedure. academic programs in: 


Sample furnished on request. 
T] ACKRAD LABORATORIES, Inc. P A TAG. 
- 70 Jackson Drive, P.O. Box 1085, Cranford, NJ 07016 ABDOMINAL IMAGING 
(201) 276-6390 MUSCULOSKELETAL IMAGING 
NEURORADIOLOGY 
NUCLEAR MEDICINE 


Candidates must be board certified or eligible, with fellowship 
training or equivalent experience. Rank and salary commen- 
surate with qualifications. 


Send C.V. to: C.A. Poole, M.D. 
Professor and Chairman 
Department of Radiology (R-130) 
University of Miami School of Medicine 
P.O. Box 016960 
Miami, Florida 33101 


AN AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EM- 
PLOYER 





for prompt 
subscription attach label here 
service... 


Please use this coupon and attach a recent label in the 
space provided when writing to us about: 

e change of address 

e renewal 

èe questions regarding your subscription 


Please use the space below to indicate your new address. 
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THE WILLIAMS & WILKINS COMPANY 
428 East Preston Street/Baltimore, Maryland 21202 
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In contrast-enhanced CT... 
improve the safety profile. 






t Fewer adverse reactions than with traditional 
ionics, including reactions that may delay or 
interrupt procedures. '* 


[ Tolerated “far better than conventional contrast media."* _ 











Reactions After |.V. CT Enhancement Percent of Patients 
A 0.8 
Nausea 
7.7 


0 







Vomiting 


| 2.3 





Taste/dry mouth 


9.2 


E iohexol (n=263) MB lonic Media* (n = 260) 


In 263 CT patiemts, no reports of tachycardia, bradycardia, 
palpitations, or respiratory difficulties.’ 





Warmth 





Discomfort/pain 











W lohexo! (n=158) W ionic Media* (n = 155) 


ale. comparable concentration and volume 


Adapted from Skalpe 


d Lower toxicity. 


— Particularly important in enhanced 
cranial CT. 


— An important advantage when the 
blood-brain barrier may already 
be disrupted.'» 


+ Now in special convenience/ 
economy packaging for enhanced CT. 
Since adverse reactions can occur with 

nonionic media, similar precautions to those 
recommended for ionic media should be 


utilized for treatment of severe or potentially 
fatal reactions 


Physicians should remain alert to possible NONIONIC 
adverse effects that have occurred with 
other nonionic water-soluble media e 
R) 
See next page for important product infor- ee fe i AQU é 
mation concerning contrainaications, warn- 
ings, adverse reactions, patient selection, 
and prescribing and precautionary ) 
recommendations TH E N EW STAN DARD IN 


CONTRAST-ENHANCED IMAGING. 


In a more general patient population, such 
reactions occur in less than 1 percent 





OMNIPAQUE’ 


INJECTION (lIOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexo! solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives. 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid nodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
throughout the procedure, and measures for the treatment of hypertensive crisis should be readily 
available 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 
PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personne! with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
should be well hydrated prior to and following iohexol administration, Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known Clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions a 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS) Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity . 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase n 
circulatory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances l 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with chronic pulmonary emphysema must be weighed against the necessity for performing this 
procedure. . 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately. , 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: |f iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T, resin uptake or direct thyroxine assays, are not affected 


OMNIPAQUE® injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
substituted for breast feedings for 24 hours following administration of OMNIPAQUE 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
ae warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
Clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexo! has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3%. 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%) 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique. 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, reflex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, 
and cardiac arrest. Rena/ reactions: occasionally, transient proteinuria; rarely, oliguria or anuria 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms. dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation: rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes. Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or to the nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
Sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely, 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (Salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred. 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%) 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic cisturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration; the 
severe reactions are life-threatening and treatment is urgent and mandatory 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Electrocardiographic and nemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
sodium injection. 


References: 1. Skalpe 10: Enhancement with water-soluble contrast media in computed 
tomography of the brain and abdomen. Acta Radiol 1983; suppl 366, pp 72-75. 2. Holtas S, 
Cronqvist S, Renaa T: Contrast enhanced brain CT: Comparison between iohexo! and metrizoate. 
Invest Radiol 1985; 20(supp! 1):62-64. 3. Tschakert H: Tolerability of iohexol and ioglicate for 
intravenous contrast enhancement in cerebral computed tomography. Acta Radiol 1983; suppl 366, 
pp 76-77. 4. Skalpe 10, Ostensen HM: Contrast media in abdominal computed tomography: 

A double-blind clinical trial comparing a non-ionic (iohexol) and an ionic (metrizoate) contrast 
medium. Acta Radio/ 1983; supp! 366, p 80. 5. Dawson P: Chemotoxicity of contrast media and 
clinical adverse effects: a review. /nvest Radiol 1985; 20(supp! 1):84-91 
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Evac-O-Kwik 
advantages 

are as clear as the 
X-ray you get. 


Use this checklist to compare other bowel preps: 


EVAC-Q-KWIK _ Other Preps 
EOG l Pleasant, cherry, flavor 
Fluid intake 40 fl oz 
i F constitution | No | 
Fnema | No | 
Cost | Low | 


a ' : 
Adminstration time | 6 hours 
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| Sodium content | Low 


means nt and patient 
comfort. 

Everything is in the kit, including easy-to-follow 
instructions. No mixing, no enemas, no alcohol, no 
sugar, low sodium... and low cost. Easy to use for bet- 
ter compliance. 


Seeing is believing. Give Evac-Q-Kwik a trial. 


There's more. 

Take advantage of our service materials: 
C Inservice film for nurses (1) Multi-language instruc- 
tion sheets (J) Radiology work sheets LJ “What to 
expect” booklet for patients. Ask your Adria Represen- 
tative, or drop us a line. Adria Laboratories, Columbus, 
Ohio 43215. 


- Evac-Q-Kwi 


Clean colon, clear advantages. 


Adria Laboratories 
Columbus, OH 43215 
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For Evaluating the Overall 
Imaging Performance of 
a Mammographic System 


@ Intended as an integral part of a complete mam- 
mography QA program: evaluates x-ray generator, 
screen-film Combination and film processor. 


@ Contains test objects that simulate two mammo- 
graphic indications of breast cancer: “punctuate 
calcifications and soft tissue fibrillar extensions 
in adipose tissue.” 


M@ Includes 5-step air wedge to gauge for image 
contrast. 


76-001-4 Mammographic Phantom. . . $495.00 


* Designed by Leonard Stanton, M.S., 
Hahnemann University, 
Philadelphia, PA 19102. 


Write, or phone 516-741-6360 today! 
For more details, 
request bulletin 400M-44 





Federal Agency Recommends. ..PLUS 
Joint Commission on Accreditation of Hospitals Requires... 


HOSPITALS MUST MONITOR DOSES FROM 
DIAGNOSTIC RADIOLOGY PROGEDURES! 





Will Perform This Function 





eam Plus Many Others! 
APPLICATIONS... 
EXPOSURE-R @ Entrance skin exposure measurements (ESE). 
Imr S @ Fluoroscopy exposure measurements. 
Lu G m as E Beam quality - half-value layer (HVL). 
RATE-R/m 
ADVANTAGES... 





@ Fast, easy to use: Battery operation and built-in 
detector eliminate set-up time. Place RAD-CHECK 
PLUS on x-ray table, collimate, shoot, and read 






| 
NUCLEAR ASSOCIATES the result: 
E Dual range: Dose up to 2 R; dose rate up to 
Ü EEA enya A Division of VICTOREEN, INC 20 R/min 
i a 100 VOICE ROAD 
| | CARLE PLACE, NY 11514-1593 
(516) 741-6360 


VICTOREEN 


A Subsidiary of Sheller-Globe SG ‘Victoreen, Inc For more information, request bulletin 356M-44 
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ELEMA-SCHONANDER 





The NEW GENERATION PUCK’ CM System: 


brings increased versatility, accuracy, safety and 
operational ease to full-size serial angiography. 
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Dati 


PUCK CM changer, PUCK C changer and SEP-3 program contro! with keyboard for film marking, programming and program selection 


PUCK CM features: 


» Multi-directional—the same loading magazine and receiving 
cassette in all positions 


» Light and compact—only 4-1/2” thick, thanks to innovative 
receiving cassette design 


¢ Extended exposure time—e.g. 100ms at 4 exp/sec 
e New SEP-3 Program Control for maximum ease of operation 
e SEP-3 keyboard-operated alphanumeric film marking— 


up to 100 characters for comprehensive examination data : -i 

* Electronic shaft encoder control of internal filmchanger PUCK CM and PUCK C changers in biplane configuration 
functions 

For further information please contact 

t The PUCK CM System consists of: PUCK CM changer for use Elema-Schonander, Inc. 
on multidirectional examination units, as well as in most other 2360 N. Palmer Drive, PO.Box 94517 
applications. PUCK C changer for a.p. and lateral projections Schaumburg, IL 60173-3887 
including installation in R&F tables. SEP-3 program control. elema-schonander Telephone (312) 397-5900 


CIRCLE 14 ON READER SERVICE CARD 


Keyboard-originated alphanumeric film-marking (reproduced 1/2 actual size) 


B:06 03.51s JOHN J. DOBBS 320-46-3909 BESTCARE HOSP. SOMEWHERE 21-APR-87 13:30 





S&S STATE-OF-THE-ART 
MAMMOGRAPHIC EQUIPMENT 






















Unmatched illumination 
excellence plus versatile 
applications make 


Far superior to stationary 
grid techniques, the 
S&S Moving Grid Bucky 


this series THE has been specifically 
state-of-the-art designed for simple 
equipment conversion of existing 


for 
viewing 


non-bucky equipment 
—at a fraction of the 
cost of a totally new 
mammography unit. 


This state-of-the-art 
add-on system 
eliminates grid 
lines, greatly 
improves 
contrast 









8x10 
(18x24cm) 
or 10x12 

(24x30cm) 
mammographs. 


A single intensity 
uniform light source 
provides brighter 
illumination per panel. 
The low leakage trigger 
Start ballast delivers 
constant “‘instant-on.” 


S&S state-of-the-art 
features include a 






and 


continuous gravity grip; dramatically 
]-piece plexiglas viewing improves 
panel per tier; and on/off micro- 
rocker switches to calcification 


control individual panels. visibility. 
Optional film actuated 


3 The 5:1 grid ratio 
switches are available. 


| | reduces scatter radiation 
Maximum flexibility is HTH up to 70%, and lowest 
offered. 1-6 bank widths possible dose rates 


* | i i < ` - F | | | | | | 
in single or 2-tier models New | Vertifile iii Systems nii are ensured by carbon 
can be either surface or specifically designed to store _ || fibre grid and cover 
recess mounted. Also, mammographs are also available, construction. 
2-tier mounting brackets TH] Adaption of the S&S 


allow fixed angulation 
for even more versatility. 
Each tier is constructed 
of 1-piece heavy-duty 
steel for longevity. 


bucky to the film 
plateau of existing 
mammography 
equipment is 
accomplished with 2 
adjustable side clamps 
NY State, phone: ni (supplied). 


718/ 649-8500 Model MB12 is available 


for use with 18x24cm 
film. Model MB24 serves 


Elsewhere, phone: HT 
Hiii 24x30cm film. 


800/221-6634 





S&S X-RAY PRODUCTS, INC. 
1101 Linwood Street | CIRCLE 9 ON READER SERVICE CARD 
Brooklyn, NY 11208 
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The distinct advantages 
of the Hexabrix profile 


When you compare the three newer low-osmolality agents, Hexabrix 


not only has the lowest osmolality (per mg iodine), but it also offers 
other important advantages. 


Less heat and pain 


In studies comparing Hexabrix with iohexol-350 and iopamidol-370 for 

peripheral arteriography, Hexabrix patients experienced less pain and 

heat during abdominal aortography than those patients receiving the 
other agents, taken as a group." 


Less risk of clotting in vitro 


Hexabrix has been shown to be a stronger inhibitor of red blood cell 
clotting in vitro than iohexol or iopamidol. 3-4 


Lowest viscosity 


At 37°C, Hexabrix (7.5 cps) is less viscous than iopamidol-370 (9.4 cps) 
or iohexol-350 (10.4 cps). 


nleXAB UX ' 


(loxaglate meglumine 39.3%/ 


loxaglate sodium 19.6% injection) 
Changing the look of medicine. 





Please see following page for references and brief summary of prescribing information. 





W +t 
HEABRNIXK (ioxaglate meglumine 39.3%/ioxaglate sodium 19.6% injection) 


HEXABRIX* 
Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
calcium disodium as a stabilizer The solution contains 3.48 
mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine 


CONTRAINDICATIONS 


HEXABRIX is contraindicated for use in myelography Refer to 


PRECAUTIONS concerning hypersensitivity. Hysterosalpingog- 


raphy should not be performed during the menstrual period, 
in pregnant patients; in patients with known infection in any 
portion of the genital tract; or in patients in whom cervical 
conization or curettage has been performed within 30 days 
Arthrography should not be performed if infection is present in 


or near the joint 
WARNINGS 

Serious or fatal reactions have been associated with the 
administration of iodine containing radiopaque media. It is ol 
utmost importance to be completely prepared to treat any 
contrast medium reaction 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
of vessels supplying the spinal cord The injection of a 
contrast medium should never be made following the admin- 
istration of vasopressors, since they strongly potentiate neuro- 
logic effects 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deteriora- 
lion, including convulsions and death. has been reported 
Theretore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution 

A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma 
In such instances anuria has developed, resulting in progres- 
sive uremia, renal failure and eventually death. Although 
neither the contrast agent nor dehydration has separately 
proved to be the cause of anuria in myeloma, it has been 
speculated that the combination of both may be a causative 
factor. The risk in myelomatous patients is not a contraindica- 
tion to the procedure. however, partial dehydration in the 
preparation of these patients for the examination is not recom- 
mended since this may predispose to precipitation of mye- 
loma protein in the renal tubules. No form of therapy. including 
dialysis, has been successtul in reversing the effect. Myeloma, 
which occurs most commonly in persons over 40, should be 
considered before instituting intravascular administration of 
contrast agents 

Administration of radiopaque materials to patients known or 
suspected to have pheochromocytoma should be performed 
wilh extreme caution. \t, in the opinion of the physician, the 
possible benefits of such procedures outweigh the consid- 
ered risks, the procedures may be performed: however, the 
amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed 
throughout the procedure, and measures for treatment of a 
hypertensive crisis should be available 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for 
sickle cell disease, fluid restriction is not advised 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need for 
the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic dis- 
ease, those wilh severe hypertension or congestive heart 
failure and recent renal transplant recipients present an addi- 
tional risk 

Renal failure has been reported in patients with liver dys- 
function who were given an oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease, notably diabetics 
and hypertensives. In these classes of patients there should be 
no fluid restriction and every attempt made to maintain normal 
hydration prior to contrast medium injection, since dehydra- 
tion is the single most important factor influencing turther 
renal impairment 

Caution should be exercised in performing contrast me- 
dium studies in patients with endotoxemia and/or those with 
elevated body temperatures 

Reports of thyroid storm occurring following the intravas- 
cular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e g.. PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests. if indicated. should be 
performed prior to the administration of this preparation 


PRECAUTIONS 

Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
media carry a definite risk of producing adverse reactions 
While most reactions are minor. lite-threatening and fatal 
reactions may occur without warning, and this risk must be 
weighed against the benefit of the procedure. A fully equipped 
emergency cart, or equivalent supplies and equipment. and 
personnel competent in recognizing and treating adverse 
reactions of all types should always be available Ifa serious 
reaction should occur, immediately discontinue administra- 
lion. Since severe delayed reactions have been known to occur, 
emergency facilities and competent personnel should be avail- 
able for at least 30 to 60 minutes after administration. (See 
ADVERSE REACTIONS ) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children. the elderly, 
patients with pre-existing renal insufficiency, patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients 

Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore. 
careful consideration of the potential risks should be given 
before performing this radiographic procedure in these patients 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other manifesta- 
tions of allergy has been established. The possibility of an 
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idiosyncratic reaction in patients who have previously re- 
ceived a contrast medium without ill effect should always be 
considered. Prior to the injection of any contrast medium, the 
patient should be questioned to obtain a medical history with 
emphasis on allergy anc hypersensitivity. A positive history of 
bronchial asthma or allergy (including food), a family history 
of allergy. or a previous reaction or hypersensitivity to a 
contrast agent may imply a greater than usual risk Such a 
history may be more accurate than pre-testing in predicting 
the potential for reaction although not necessarily the severity 
or type of reaction in the individual case A positive history of 
this type does not arbitrarily contraindicate the use of a 
contrast agent when a diagnostic procedure is thought essen- 
tial, but does call for caution. (See ADVERSE REACTIONS ) 

Prophylactic therapy including corticosteroids and antihis- 
tamines should be considered for patients who present with a 
strong allergic history, a previous reaction to a contrast 
medium, of a positive pre-test since in these patients the 
incidence of reaction is two to three times that of the general 
population Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be admin- 
istered within 30 minutes of the contrast medium injection 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions. but may reduce 
both their incidence and severity A separate syringe should be 
used for these injections 

General anesthesia may be indicated in the performance of 
some procedures in selected patients. however. a higher 
incidence of adverse reactions has been reported in these 
patients, and may de attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect ot 
anesthesia which can prolong the circulation time and in- 
crease the duration of contact of the contrast agent 

Angiography should be avoided whenever possible in pa- 
tients with homocystinuria because ot the risk of inducing 
thrombosis and embolism 


PRECAUTIONS FOR 
SPECIFIC PROCEDURES 


Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure 

When large individual doses are administered. sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next jection 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart 
failure. since this may lead to increased right side pressures 
with subsequent bradycardia and systemic hypotension Pa- 
tients with pulmonary disease present additional risks 

Caution is advised in cyanotic infants since apnea, brady- 
cardia, other arrhythmias and a tendency to acidosis are more 
likely to occur 

Since infants are more likely to respond with convulsions 
than are adults. the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds 

Selective Coronary Arteriography with or without lelt 
ventriculography: During the administration of large doses of 
HEXABRIX. continuous monitoring of vital signs is desirable 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility 
of aggravating the pre-existing condition. Hypotension should 
be corrected promptly since it may result in serious arrhythmias 

Special care regarding dosage should be observed in 
patients with right ventricular failure. pulmonary hypertension, 
or stenotic pulmonary vascular beds because of hemodynam- 
ic changes which may occur alter injection into the right heart 
Outflow tract 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) injec- 
tions This echange is usually transient and requires no treat- 
ment: however, the blood pressure should be monitored for 
approximately ten minutes following injection 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasalion and fluoroscopy IS recom- 
mended. This is especially important in patients with severe 
arterial disease 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis. severe hypertension, cardiac decompensa- 
tion, senility, recent cerebral thrombosis or embolism, and 
migraine 

Intra-Artenial Digital Subtraction Angiography. The tisks 
associated with |A-DSA are those usually attendant with cathe- 
ter procedures ayege the procedure, gentle pressure 
hemostasis ıs required, tollowed by observation and immobi- 
lization of the limb tor several hours to prevent hemorrhage 
from the site of arterial puncture 

Patient motion, including respiration and swallowing. can 
result in misregistration leading to image degradation and 
non-diagnostic studies 

Intravenous Digital Subtraction Angiography. The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is 
reduced when small test injections of contrast medium are 
made under fluoroscopic observation to insure that the cath- 
eter tip is properly positioned and. in the case of peripheral 
placement, that the vein is of adequate size 

Patient motion. including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies 

Peripheral Venography: Special care is required when ven- 
ography is performed in patients with suspected thrombosis, 
phlebitis, severe ischemic disease, local infection or a totally 
obstructed venous system 

Extreme caution during injection of contrast media is nec- 
essary to avoid extravasation and fluoroscopy is recommen- 
ded This is especially important in patients with severe 
arterial of venous disease 

Excretory Urography: \ntants and smal! children should not 
have any fluid restrictions prior to excretory urography (See 
WARNINGS and PRECAUTIONS concerning preparatory 
dehydration.) 

ontrast Enhancement in Body Computed Tomography 

Patient cooperation is essential since patient motion, includ- 
ing respiration, can markedly affect image quality. The use of 
an intravascular contrast medium can obscure tumors in 
patients undergoing CT evaluation of the liver, resulting in a 
false negative diagnosis. Dynamic CT scanning is the proce- 
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dure of choice tor malignant tumor enhancement 

Arthrography- Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection Aspiration 
of excessive synovial fluid will reduce the pain on injection 
and prevent the dilution of the contrast agent. It is important 
that undue pressure not be exerted during the injection 

Hysterosalpingography Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. Delayed 
onset of pain and fever (1-2 days) may be indicative of pelvic 
infection 

Carcinogenesis, Mutagenesis. impairment of Fertility’ No 
long-term animal studies have been performed to evaluate 
carcinogenic potential However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males 
or females 

Pregnancy Category B. Reproduction studies have been 
perlormed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence ol 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are. however, no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only if clearly needed 

Nursing Mothers. loxaglate salts are excreted unchanged in 
human milk Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for breast 
feedings for 24 hours following the administration of this 
drug 

Pediatric Use Satety and eltfectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography, Data have not been submitted to support 
the safety and eltectiveness of HEXABRIX in any other indication 

(Precautions tor specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories chemotoxic reactions and idiosyncratic reactions 

Chemotoxic reactions result from the physiochemical prap- 
erties of the contrast media. the dose and the speed ol 
injection. All hemodynamic disturbances and :n,ures to or- 
gans or vessels perfused by the contrast medium are included 
in this category 

Idiosyncratic reactions include all other reactions They 
occur more frequently in patients 20 to 40 years old. Idiosyn- 
cratic reactions may or may not be dependent on the dose 
injected, the speed of injection, the mode of injection and the 
radiographic procedure. Idiosyncratic reactions are subdivided 
into minor. intermediate and severe. The minor reactions are 
self-limited and of short duration. the severe reactions are 
life-threatening and treatment is urgent and mandatory 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX Because HEXABRIX ıs an iodinated 
intravascular contrast agent. all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered 

Severe, life-threatening anaphylactoid reactions. mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents Most deaths occur during injection or 5 to 10 minutes 
later. the mam teature being cardiac arrest with cardiovascular 
disease as the main aggravating factor Isolated reports ol 
hypotensive collapse and shock are found in the literature 
Based upon clinical literature. reported deaths trom the ad- 
ministration of conventional iodinated contrast agents range 
trom 6 6 per 1 million (0.00066 percent) to 1 in 10.000 patients 
(0.01 percent) 

Regardless of the contrast agent employed. the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. Car- 
diac decompensation, serious arrhythmias. or myocardial is- 
chemia or infarction may occur during coronary arteriography 
and lett ventriculography 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth These are usually of 
brief duration In double-blind clinical trials. HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following 

Hypersensitivity reactions. Dermal manifestations of urti- 
cana with or without pruritus, erythema and maculopapular 
rash Dry mouth Sweating. Conjunctival symptoms. Facial 
peripheral and angioneurolic edema Symptoms related to the 
respiratory system include sneezing, nasal stuffiness. cougn- 
ing. choking, dyspnea. chest tightness and wheezing, which 
may be initial manifestations of more severe and infrequent 
reactions including asthmatic attack. Jaryngospasm and bron- 
chospasm with or without edema, pulmonary edema, apnea 
and cyanosis Rarely. these allergic-type reactions can pro- 
gress into anaphylaxis with loss of consciousness, coma, 
severe Cardiovascular disturbances, and death 

Cardiovascular reactions: Generalized vasodilation. {lush- 
ing and venospasm. Occasionally thrombosis or, rarely, throm- 
bophiebitis Extremely rare cases of disseminated intravascular 
coagulation resulting in death have been reported. Severe 
cardiovascular responses include rare cases of hypotensive 
shock, coronary insufficiency. cardiac arrhythmia. fibrillation 
and arrest These severe reactions are usually reversible with 
prompt and appropriate management, however, fatalities have 
occurred 





Technique reactions: Extravasation with burning pain, he- 
matomas, ecchymosis and tissue necrosis, vascular constric- 
tion due to injection rate, thrombosis and thrombophlebitis 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resulting trom spinal cord injury and 
pathology associated with the syndrome of transverse myeli- 
tis. visual field losses which are usually transient but may be 
permanent, coma and death 

Other reactions: Headache, trembling, shaking, chills with- 
out fever, hyperthermia and lightheadedness. Temporary renal 
shutdown or other nephropathy 

Pediatric angiocardiography has been complicated by intra- 
mural injection with marked adverse effects on cardiac function 

During selective coronary arteriography with or without lett 
ventriculography, patients may have clinically insignificant 
ECG changes. The following adverse effects have occurred in 
conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypotension, shock, angi- 
nal pain, myocardial infarction, cardiac arrhythmias (bradycar- 
dia. ventricular tachycardia, ventricular fibrillation) and cardiac 
arrest Fatalities have beem reported. Complications to the 
procedure include dissection of coronary arteries, dislodge- 
ment of atheromatous plaques, perforation, hemorrhage and 
thrombosis 

Following peripheral arteriography, hemorrhage and throm- 
bosis have occurred at the puncture site of the percutaneous 
injection Brachial plexus injury has been reported following 
axillary artery injection 

The major causes of cerebral arteriographic adverse reac- 
tions appear to be repeated injections of the contrast material, 
administration of doses higner than those recommended, the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of injection. Adverse reactions are 
normally mild and transient. A feeling of warmth in the face 
and neck is frequently experienced. infrequently, a more severe 
burning discomfort is observed. Transient visual hallucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke, amnesia and respir- 
atory difficulties. Visual field detects with anopsia and reversi- 
ble neurological deticit lasting from 24 hours to 48 hours have 
been reported. Conlusion, disorientation with hallucination, 
and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase or 
decrease in systemic blood pressure The blood pressure 
change is transient and usually requires no treatment. Ar- 
thrography may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe and 
persist for 24 to 48 hours following the procedure. Ettusion 
requiring aspiration may occur in patients with rheumatoid 
arthritis. Fever and pain, cramping and tenderness of the 
abdomen have been reported following hysterosalpingography 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage are 
life-threatening and atfect mainly the pulmonary and cardio- 
vascular systems, The symptoms may include cyanosis, brady- 
cardia, acidosis, pulmonary hemorrhage. convulsions, coma 
and cardiac arrest. Treatment of an overdose is directed toward 
the support of all vital functions and prompt institution of 
symptomatic therapy 

loxaglate salts are dialyzable 

The intravenous LDsq values of HEXABRIX (in grams of 
iodine’ kilogram body weight) were 11.2 g/kg in mice, >8 g/kg 
in fats, >6.4 g/kg in rabbits and >10.2 g/kg in dogs 


DOSAGE AND ADMINISTRATION 


Details on dosage are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE 
Rev Jan. 1987 
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AJR: The 50 Most Frequently Cited 
Papers in the Past 50 Years 





Felix S. Chew! Radiology is a practical, technology-based specialty of medicine. Since its 
inception in 1895 with Rontgen’s discovery of X-rays, the growth and development 
of radiology have paralleled the rise of Western medicine. To the extent that 
radiology has permitted a better understanding of normal and pathologic gross 
anatomy and, in many instances normal and abnormal physiology in living patients, 
its contributions have pervaded and transformed all of medicine. Research in 
radiology not only looks to improve the mundane tasks of interpreting the shadows 
and diagnosing disease but also seeks new knowledge in medicine for its own 
sake, not necessarily by using only radiologic means. The trail of progress can be 
followed in the scientific literature. In this paper, some of the most influential articles 
published in AJR. American Journal of Roentgenology in the past 50 years are 
listed and examined from current and historical perspectives. This undertaking 
helps provide an appreciation for the dynamics of radiologic knowledge and gives 
context to daily clinical practice. 


The 50 Most Frequently Cited Papers Published in the AJR 


The 50 articles published in the AJR that have been cited most frequently in the 
literature in the years from 1955 to 1986 were identified by searching the comput- 
erized data base of the Science Citation Index® (Institute for Scientific Information, 
Philadelphia, PA). This data base did not cover the years before 1955 at the time 
of the search, and the resulting selection therefore is biased in favor of more recent 
articles and excludes many older articles of unquestioned importance and influence. 
Using frequency of citation as the selection criterion also favors selection of more 
recent articles because of the continual growth in the size of the literature (more 
articles mean more citations). A citation is the event that occurs when one scientific 
article (the citing article) uses another (the cited article) as a reference. The Science 
Citation Index® is an ordered listing of cited articles published in scientific journals. 
The cited articles are listed with their citing articles. A citation indicates that the 
cited article had relevance to the research reported in the citing article and suggests 
a Close link in the subject material. Citation behavior on the part of authors has 
been studied inconclusively many times [1]. It seems best to think of it as a 
phenomenon of the marketplace in which many diverse reasons exist for citing 
specific articles at particular times. Some of these reasons appear to be idiosyn- 


ratic; others relate to the quality and perceived significance of the cit rticl 
Received September 1, 1987; accepted after re ey nen Fre ji TARY A Pave SIGNINCANCO e cited articles 


revision October 19, 1987. [1]. By looking at current citations, it is possible to identify articles published in the 
' Department of Radiology, State University of Past that have influenced current research. 
New York, Health Science Center at Syracuse, 750 The 50 articles published by AJR that received the most citations from 1955 to 


s pasigar r e NY 13210. Address reprint 1986 are listed in Table 1. The dates of publication range from 1939 to 1982 (Fig. 

sie pe k i i jii 1). Grant support of some type, either for the research itself or for at least one of 

0361-803X/88/1502-0227 the researchers, was mentioned by the authors of 15 of the 50 articles. Twentys, 

© American Roentgen Ray Society three articles were presented at scientific meetings before they were published. 
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TABLE 1: The 50 Papers Published in the American Journal of Roentgenology That Were Cited Most Frequently in the Years 
1955-1986 
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mors. Am J Roentgenol Radium Ther 
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. Bydder GM, Steiner RE, Young IR, Hall 


AS, Thomas DJ, Marshall J. Pallis CA, 
Legg NJ. Clinical NMR imaging of the 
brain: 140 cases. AJR 1982;139:215- 
236 


. Peters MV, Middlemiss KCH. A study 


of Hodgkin's disease treated by irradia- 
tion. Am J Roentgenol Radium Ther 
Nucl Med 1958;79:114-121 


. Stanley RJ, Sagel SS, Levitt RG. Com- 


puted tomography of the body: early 
trends in application and accuracy of 
the method. AJR 1976;127:53-67 
Peters MV. A study of survivals in 
Hodgkin's disease treated radiologi- 
cally. Am J Roentgenol Radium Ther 
1950;63:299-311 

Gianturco, C, Anderson JH, Wallace S. 
Mechanical devices for arterial occlu- 
sion. Am J Roentgenol Radium Ther 
Nucl Med 1975;124:428-435 


. Sheedy PF, Stephens DH, Hattery RR, 


Muhm JR, Hartman GW. Computed to- 
mography of the body: initial clinical 
trial with the EMI prototype. AJR 
1976;127:23-51 

Bloom HJG, Wallace ENK, Henk JM. 
The treatment and prognosis of medul- 
loblastoma in children: a study of 82 
verified cases. Am J Roentgenol Rad- 
ium Ther Nucl Med 1969;105:43-62 


. Vezina JL, Sutton TJ. Prolactin-secret- 


ing pituitary microadenomas: roentgen- 
ologic diagnosis. Am J Roentgenol Rad- 
ium Ther Nucl Med 1974;120:46-54 
Lasser EC, Farr RS, Fujimagari T, Tripp 
WN. The significance of protein binding 
of contrast media in roentgen diagno- 
sis. Am J Roentgenol Radium Ther Nucl 
Med 1962;87:338-360 

Meaney TF, Weinstein MA, Buonocore 
E, Pavlicek W, Borkowski GP, Gal- 
lagher JH, Sufka B, Macintyre WJ. Digi- 
tal subtraction angiography of the hu- 
man cardiovascular system. AJR 
1980;135:1153-1160 

Robb GP, Steinberg |. Visualization of 
the chambers of the heart, the pulmo- 
nary circulation, and the great blood 
vessels in man: a practical method. Am 
J Roentgenol Radium Ther 1939;41:1- 
17 

DiChiro G, Nelson KB. The volume of 
the sella turcica. Am J Roentgenol Rad- 
ium Ther Nucl Med 1962;87:989-1008 
Haaga JR, Alfidi RJ, Havrilla TR, Coop- 
erman AM, Seidelmann FE, Reich NE, 
Weinstein AJ, Meaney TF. CT detec- 
tion and aspiration of abdominal ab- 
scesses. AJR 1977;128:465-474 
Grüntzig A, Kumpe DA. Technique of 
percutaneous transluminal angioplasty 
with the Grüntzig balloon catheter. AJR 
1979; 132:547-552 


16. Mountain CF, Carr DT, Anderson WAD. 
A system for the clinical staging of lung 
cancer. Am J Roentgenol Radium Ther 
Nucl Med 1974;120:130-138 

17. Stephens DH, Sheedy PF, Hattery RR, 
MacCarty RL. Computed tomography 
of the liver. AJR 1977;128:579-590 

18. Hampton AO, Castleman B. Correlation 
of postmortem chest teleroentgeno- 
grams with autopsy findings: with spe- 
cial reference to pulmonary embolism 
and infarction. Am J Roentgenol Rad- 
ium Ther 1940;43:305-326 

19. Hicks SP. Developmental malforma- 
tions produced by radiation: a timetable 
of their development. Am J Roentgenol 
Radium Ther Nucl Med 1953;69:272- 
293 

20. Crummy AB, Strother CM, Sackett JF, 
Ergun DL, Shaw CG, Kruger RA, Mis- 
tretta CA, Turnipseed WD, Lieberman 
RP, Myerowitz PD, Ruzicka FF. Com- 
puterized fluoroscopy: digital subtrac- 
tion for intravenous angiocardiography 
and arteriography. AJR 1980;135: 
1131-1140 

21. Stone RS. Neutron therapy and specific 
ionization. Am J Roentgenol Radium 
Ther 1948;59:771-785 

22. Gerzof SG, Robbins AH, Birkett DH, 
Johnson WC, Pugatch RD, Vincent ME. 
Percutaneous catheter drainage of ab- 
dominal abscesses guided by ultra- 
sound and computed tomography. AJR 
1979;133:1-8 

23. Caffey J. Multiple fractures in the long 
bones of infants suffering from chronic 
subdural hematoma. Am J Roentgenol! 
Radium Ther 1946;56:163-173 

24. Ingold JA, Reed GB, Kaplan HS, Bag- 
shaw MA. Radiation hepatitis. Am J 
Roentgenol Radium Ther Nucl Med 
1965;93:200-208 

25. Gray LH. Radiobiologic basis of oxygen 
as a modifying factor in radiation ther- 
apy. Am J Roentgenol Radium Ther 
Nucl Med 1961;85:803-815 

26. Schatzki R, Gary JE. Dysphagia due to 
a diaphragm-like localized narrowing in 
the distal esophagus (“lower esopha- 
geal ring”). Am J Roentgenol Radium 
Ther Nuc! Med 1953;70:911-922 

27. Merriam GR Jr, Focht EF. A clinical 
study of radiation cataracts and the re- 
lationship to dose. Am J Roentgenol 
Radium Ther Nucl Med 1957;77:759- 
785 

28. Weissmann HS, Frank MS, Bernstein 
LH, Freeman LM. Rapid and accurate 
diagnosis of acute cholecystitis with 
MT ¢-HIDA cholescintigraphy. AJR 
1979;132:523-528 

29. Shehadi WH. Adverse reactions to in- 
travascularly administered contrast me- 
dia: a comprehensive study based on a 
prospective survey. Am J Roentgenol 
Radium Ther Nucl Med 1975;124:145- 
152 


30. Alfidi RJ, Haaga JR, Havrilla TR, Pepe 
RG, Cook SA. Computed tomography 
of the liver. AJR 1976;127:69-74 

31. Burhenne HJ. Nonoperative retained 
biliary tract stone extraction: a new 
roentgenologic technique. Am J Roent- 
genol Radium Ther Nucl Med 
1973;117:388-399 

32. Snow JH Jr, Goldstein HM, Wallace S. 
Comparison of scintigraphy, sonogra- 
phy, and computed tomography in the 
evaluation of hepatic neoplasms. AJR 
1979;132:915-918 

33. Sagerman RH, Cassady JR, Tretter P, 
Ellsworth RM. Radiation induced neo- 
plasia following external beam therapy 
for children with retinoblastoma. Am J 
Roentgenol Radium Ther Nucl Med 
1969; 105:529-535 


34. Wallace S, Gianturco C, Anderson JH, 
Goldstein HM, Davis LJ, Bree RL. Ther- 
apeutic vascular occlusion utilizing steel 
coil technique: clinical applications. AJR 
1976;127:381-387 

35. Korobkin M, White EA, Kressel HY, 
Moss AA, Montagne JP. Computed to- 
mography in the diagnosis of adrenal 
disease. AJR 1979;132:231-238 

36. O'Connor JF, Neuhauser EBD. Total 
body opacification in conventional and 
high dose intravenous urography in in- 
fancy. Am J Roentgenol Radium Ther 
Nucl Med 1963;90:63-71 

37. Tow DE, Wagner HN Jr, Lopez-Majno 
V, Smith EM, Migita T. Validity of 
measuring regional pulmonary arterial 
blood flow with macroaggregates of 
human serum albumin. Am J Roent- 
genol Radium Ther Nuc! Med 
1966;96:664-676 

38. Molnar W, Stockum AE. Relief of ob- 
structive jaundice through percuta- 
neous transhepatic catheter—a new 
therapeutic method. Am J Roentgenol 
Radium Ther Nucl Med 1974;122:356- 
367 


39. Wolfe JN. Breast patterns as an index 
of risk for developing breast cancer. 
AJR 1976;126:1130-1139 

40. Welin S, Youker J, Spratt JS Jr, Linnell 
F, Spjut HJ, Johnson RE, Ackerman 
LV. The rates and patterns of growth 
of 375 tumors of the large intestine and 
rectum observed serially by double 
contrast enema study (Malmo tech- 
nique). Am J Roentgenol Radium Ther 
Nucl Med 1963;90:673-687 

41. Davis KR, Taveras JM, New PFJ, 
Schnur JA, Roberson GH. Cerebral in- 
farction diagnosis by computerized to- 
mography: analysis and evaluation of 
findings. Am J Roentgenol Radium Ther 
Nucl Med 1975;124:643-660 

42. Stables DP, Ginsberg NJ, Johnson ML. 
Percutaneous nephrostomy: a series 
and review of the literature. AJR 
1978;130:75-82 
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TABLE 1: The 50 Papers Published in the American Journal of Roentgenology That Were Cited Most Frequently in the Years 
1955-1986 (continued) 


43. Taveras JM. Multiple progressive intra- 
cranial arterial occlusions: a syndrome 
of children and young adults. Am J in infants. Am J Roentgenol Radium 
Roentgenol Radium Ther Nucl Med Ther Nucl Med 1953;69:413-427 
1969; 106:235-268 47. Crade M, Taylor KJW, Rosenberg AT, 50. Ferrucci JT Jr, Wittenberg J, Mueller 

44. Schaner EG, Chang AE, Doppman JL, de Graaff CS, Minihan P. Surgical and PR, Simeone JF, Harbin WP, Kirkpat- 
Conkle DM, Flye MW, Rosenberg SA. pathological correlation of cholecysto- rick RH, Taft PD. Diagnosis of abdomi- 
Comparison of computed and conven- sonography and cholecystography. AJR nal malignancy by radiologic fine-needie 
tional whole lung tomography in detect- 1978; 131:227-229 aspiration biopsy. AJR 1980;134:323- 
ing pulmonary nodules: a prospective 330 
radiologic-pathologic study. AJR 48. Dunbar JD, Molnar W, Beman FF, Mar- 
1978;131:51-54 able SA. Compression of the celiac 

45. Lukes RJ. Relationship of histologic trunk and abdominal angina: prelimi- 
features to clinical stages in Hodgkin's nary report of 15 cases. Am J Roent- 
disease. Am J Roentgenol Radium Ther geno! Radium Ther Nucl Med 
Nucl Med 1963;90:944-955 1965;95:731-744 
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Note.—Founded in 1906 as the American Quarterly of Roentgenology, the following titles for the journal have been in subsequent use: American Journal of 


Roentgenology (vol. 1-9, 1913-1922), American Journal of Roentgenology and Radium Therapy (vol. 10-67, 1923-1952), American Journal of Roentgenology, 
Radium Therapy and Nuclear Medicine (vol. 68-125, 1952-1975), and AJR. American Journal of Roentgenology (vol. 126-present, 1976-present). Papers are 


46. Batson OV. The vertebral vein system. 
Am J Roentgenol Radium Ther Nuc! 
Med 1957;78:195-212 


49. Silverman FN. The roentgen manifesta- 
tions of unrecognized skeletal trauma 


listed in order of decreasing frequency of citation. 
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Fig. 1.—Distribution of the 50 most frequently cited papers by publica- 
tion date. 


The national affiliations of the first authors were the United 
States in 42, United Kingdom or Canada in three each, and 
Switzerland or Sweden in one each. The number of citations 
received from 1955 to 1986 by the individual articles in the 
group ranged from 123 to 385 (average, 170) (Fig. 2). 


Structure of Radiologic Science 


The structure of radiologic science as it is applied in re- 
sponse to a problem in imaging and diagnosis can be de- 
scribed as follows. First, a technical advance occurs; this 
advance makes possible or practical a new method of imaging 
or intervention. Once the validity of the method has been 
established, a base of knowledge is developed to guide 
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Fig. 2.—Distribution of total citations received among the 50 most 
frequently cited papers. 


interpretation of the findings and scope of application. Finally, 
the mature technique can be used in the general pursuit of 
new medical knowledge. Most articles in radiologic journals 
fall along this progression, but with increasing frequency, the 
basic and engineering research that makes the technical 
advance possible is published outside the radiologic literature. 
A less frequent and more erratic event in scientific progress 
is the establishment of a theoretical basis, or paradigm [2], 
that provides the context for the orderly process just de- 
scribed. 


Cardiac Angiography 


Robb and Steinberg [3] published a description of their 
technique of cardiac angiography in 1939 (Fig. 3A). The 
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VISUALIZATION OF THE CHAMBERS OF THE HEART, 
THE PULMONARY CIRCULATION, AND THE 
GREAT BLOOD VESSELS IN MAN*t 


A PRACTIC 


Al. METHOD 


Ay GEORGE P. ROBB, M M., and ISRARI STEINBERG, SD 


NES VORR (ITY 


ERETOFORE rhere has been no 

method of visualizing the left cham 
bers of the heart and the superior vena 
cava and no practical procedure for out 
lining the right chambers of the hearr, the 
pulmonary circulation and the thoracic 
aorta in man. Gross changes in size and 
shape have been detectable by roentgen 
examination but precise information con 
cerning the individual chambers of the 
heart, the pulmonary artery, the vena 
cava and the aorta could not be obtained 
Contrast roentgenography has made such 
information available in other regions of 
the body, notably the central nervous svs- 
tem, the bronchi, the gastrointestinal tract, 
the genitourinary system, and the penph 
eral arteries and veins; but this method 
has had limited success when applied to 
the cardiovascular structures in the thorax 
Forssmann’! in t931 tried unsuccessfully to 
visualize the chambers of the heart by the 
injection of an tedide preparation into the 
right auncle through a catheter which he 
had introduced into a vein at the elbow and 
advanced to the hearr. In the same vear 
Fgas Moniz, Lopo de Carvalho and Al 
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meida laima’ succeeded in visuahzing the 
pulmonary blood vessels by the use of a 
concentrated solution of sodium iodide and 
Forssmann’s technique of injection. Since 
then, this method of pulmonary arterog 
raphy or modification has been used by 
Lope de Carvalho and his associates,” * 7 7 
Conte and Costa? Heuser,” Ravina,” and 
others. Ameuille and his associates! alse 
outlined the right chambers of the heart 
in this way in a few instances. Although 
reputedly harmless, the difficult nature of 
cardiac catheterization has precluded gen 
eral use of this method. Nuvoli”? recently 
made the thoracic aorta opaque by injecting 
sodium iodide after puncturmng the left 
ventricle in one patient and the ascending 
aorta in another; this technique obviously 
is not suitable for routine use. In the past 
vear, Castellanos, Pereiras, and Garcia‘ 
visualized the right side of the heart and 
the pulmonary artery by the peripheral 
intravenous injection of organic wahde 
compounds. Their method, however, was 
effective only in children under six vears 
of age and it failed to outline the left 
chambers of the heart and the aorta 
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OBSERVATIONS ON GROWTH RATES 
OF HUMAN TUMORS” 


Ay VINCENT P COLTINS, MD 


K ORKENSETH LORREDER, MD, wng 


HAKOLD TINEY, MD 


Wie Os 


Hk defininon of cancer, its dhagnesis 

ind its prognosis all depend 
desenption of growth, To the layman a 
sinonim tor cancer is a “growth r There 
are no quantitative terms for the descrip 
ton of growth or growth rate in clinical 
use. There has been no attempt to assign 
values that would define “rapidly” or 
“slowh” growing. Estimates of growth 
potentiality are implied in the descriptive 
phrases “poorly differentiated” or “well 
differentiated,’ “highly malignant” or low 
grade malignancy,” and in systems of 
grading. These qualitving terms represent a 
personal impression, chnically useful in 
prognosis, but relative in nature. They do 
not lend themselves to uniform application 
or precise measurement for purposes of 
comparison 

This study is an attempt to evolve a 
method of measurement of growth rate hay 
ing clinical application for human tumors 
and to test its usefulness against observed 
phenomena. 

Growth is related to size and time. The 
diagnosis of cancer is made when it reaches 
a certain size and when it has been present 
tor a certain length of time. The value of the 
diagnosis lies in the implied prognosis 
which, if meaningful, predicts in a general 
way the amounr of growth that will take 
place in a given penod of time For a 
diagnosis of malignant melanoma, the 
prognosis and prediction is thar typically 
it will reach a total volume of tumor which 
will couse the patient's death in a short 
period of tume dve to a rapid rate ot 
growrh. For leiomyoma the prediction is 
that rhis will increase very little in size over 
a long period of time due to a slow rate of 
growth, The usefulness ol 
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method consisted of percutaneous placement of a large-bore 
(12-gauge) needle in the basilic or cephalic vein, rapid injection 
by hand of radiopaque solution (70% diodrast [3,5-diiodo-4- 
pyridone-N-acetic acid and diethanolamine]), and carefully 
timed filming of the subject's chest. Their method provided 
“information regarding the anatomy and the physiology of the 
normal and diseased cardiovascular system heretofore unob- 
tainable . . . [opening] a new field for the study of the anatomy 
and physiology of the circulation.” After numerous successful 
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teas 
diagnoses vouches for the consistency ot 
the growth behavior of recognized types ot 
tumor 

Whereas the limited evidence available 
at the time of diagnosis is used to predict 
the future course of the disease, this study 
utilizes observations made throughout the 
clinical course of the disease to determune 
behavior in the period prior to diagnosis 


HYPOTHESIS 


The volume of tumor depends upon the 
duranon of the period of growth and the 
rate of growth. If the time interval and 
change in volume are known, the average 
growth rate can be determined. If the 
growth rate ts determined, and assumed to 
be constant, the duration of a given tumor 
and the time of inception can be estimated 

The commonest concept of the origin ot 
cancer is that as a result of a mutanon 
involving a single cell, succeeding divisions 
of cells establish a colony with character 
istics recognizable as cancer. The ongenal 
mutation could never be effective if the 
involved cell did not divide, and the cancer 
colony could not grow without cell division 
The simplest view of cell growrh is that one 
divides to become two, and cach ot these 
divides to become tour, eight, sixteen, ete 
If the growth rate of the hypothetical 
tumor were constant it could be described 
in terms of “doubling nme,” as halt time 
describes the devas of a radioactive isotope 
The assumption of a constant growth rate 
is the busts for the simplest hy pothesis as ro 
the possible duration of cancer 

According to this hypothesis a sinale 
cancer cell to u in diameter will grow miat 
nodule 1 mm. in diameter in 20 doublings 
(Fig. i and 2), This is taken as the dividing 
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CORRELATION OF POSTMORTEM CHEST TELEROENT- 
GENOGRAMS WITH AUTOPSY FINDINGS 
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SNAG T and detarled contrinaneon et the cl lung as seen on the roentgenngram and 
A ir ferpretatiens t rrecrtwene age aries ait 
the chest is tren ditheule te obran tor 


three reasons: First and most important is 


the autopsi specimen is practically impos 
lhis is especially true as regards dis 
rances and locanons of lesions, To obviate 
these diticultres and to leave no loophole 
tor the sometimes undue skepticism on the 
part of reentgenologists for pathologists 
who de not ind what the former have seen 
or discover what the roenrgenologist has 
nussed, a cooperative method was devised 
tustat the chest 


sible 


the tact that, even if an autopsi is per 
termed, one cannot rule out ans change 
that Mas have curre between the time 
of thelast reentgencgram and tharofalearh 
There is ne doube that during the last tew 
hours of a parient’s life a large quantity of 
fluid mas accumulate, bronchopneumania 
can become more widespread; hemorrhage 
into a tumor can increase its size. Quite 
often correlations berween meentgen and 


pathological findings are unjustly made 


METHOD 


Ls soun as permission ts granted for a 
postmortem examination a chest roentgen 
agram is taken of the body at a distance of 
even weeks before autopsi, despite the ex- > feet. The body is suspended vertically 
tensive changes which can occur during this against a wall, upon which a plate holder ts 
period Secondly, if an attempr is made ro permanently haed (Fig 1). The method of 
shortly pror to suspending the body consists in using 4 
very sturdy leather halter (canvas is not 
strong enough), the front part of which rs 
snugly under the chin, with side straps 
around the face and secured at the back of 
Vhe halter is hned with felt se 
Fhe halter anil 


with roentgenograms taken several davs or 


take reentgenograms 
death, if iS mecessars to use a portable ma 
chine and the roentgenograms mav not 
show the lesions sharply and accurately 
Finally, when the lungs are removed at 
postmortem they 


are collapsed, and ac the neck 


Curate correlation berween the arr-distend that the face is not marred 
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MULTIPLE FRACTURES IN THE LONG BONES OF 
INFANTS SUFFERING FROM CHRONIC 
SUBDURAL HEMATOMA" 


Hy JONIN CARREY, MD 


Spn ea UDA 


Cray are not 
with infantile 


F" ACTU RES or the 
invtrespacnels 
subdural hematoma but fractures in the 


usw ated 
long bones have rarels been reported is 
vomphrarems ot this intracranial lesion 
An old friture ot the ralius ss mentioned 
bs Sherwect! m his teh case. Tnerabam 
and Heyl? demonstrated greenstick frac 

tures roetuenoraphncally in the radiuses 
and ulnas of beth forearms of one infant 
Case gin whom there were neither clinical 
signs of fracture nor histers of injury- De 
Ingraham has wotten me thar in his ex 
tensive ecxapenience with more than 10 

cases of rotantile sulatural hematoma, frac 

tures were also found in the humerus of one 
patient; in the femur of another; and im six 
nbs of a ehind? 

For many sears we have been puzzled by 
the roentwen disclosure of fresh, healing 
and healed multiple fractures in the long 
bones of infants whose principal disease 
was chrome subdural hematoma, The sub 
ject of this paper is the aescnprian of b 
such parents who exhibited 23 fractures 
and 4 contusions of the long bones. In not a 
single case was there a history of injury to 
which the skeletal lessons could reasonably 
be attributed aml in no case was there 
clinical or roentgen evidence of generalized 
or localized skeletal disease which would 
predispese to pathological fractures 


CASE REPORTS 
Cas H 


1926, alter a nurmal gestation and labor; the 


D., male, was born March ta, 


birth weight was 8) pounds. He gunel and de 
veloped normally on a whole nalk formula 

A purulent discharge from the ryghe ear be 
Kan at Awe neonths and connnuel for two 
menth Ar seven months there was a single 


Enlige ni ihren iani an 


convulseen which lasted hir one halt hiar, arrer 
whah the infant was weak amit listless tor three 
lars and strabismus with stare dleweb pend 
Durnng this perral fewer was present and vomit 
ing was frequent. The mother, who had been 
with rheontang connnuousiy, bal not ubserved 
Phy cal 


examination dischecd a rense bulging anterior 


injury tu the head or extrenunes 


h tanel, internal strabimus and cxageerared 
deep reflexes. There were nu signs uf meningeal 
rer taten. The bones ot the left forearms were 
tuxkened tu palpation and this finding rarsed 
the uestem of an old fracture with callus 
Keentgenograms of the extremities were mut 
made at the tune. Fourty-Ave cubic centimeters 
of cerebrospinal Ausi were withdrawn from the 
lumbar subarachnoid space; the pressure was 
increased bur the fluid was normal chermicalls 
an microscopically. Following lumbar punc 
ture the signs and svinproms disappeared; the 
patient was sent home after three days sath 


the diagnosis ot hydrocephalus of unknewn 


ungn 

Iwo weeks Jater the patient began to vomit 
aral) the bulge uver the fontanel reappeared; 3¢ 
ce uf lumbar cerebrmespinal Aid were fourd to 
be crystal clear and normal microscopically 
am} chemically. During the next five weeks jo 
tu 49 cc. of normal cerebrupinal Aud were 
withdrawn during each of 12 lumbar punctures 
Ar nine months of age subdural punctures 
viehled 25 cc. of bhealy Amd from the oghe 
angle and i¢ co. from the left angle of the 
anterior fontanel. Reentgenograms of the skull 
after the injection of air inte the subdural 
space demonstrated a large cavity which ex 
tended over both cerebral hemispheres bur 
winch dal net appear re communicate with rhe 
subarachnont or ventricular spices. The parent 
wis ilscharged December 24 to spend! the 
Uhrstmas holiday ar hime 

On December 28 rhe infant was re-audovetred 
hæ further study and treatment, The teuratay 
wqoumn ar hume had been uneventhul am!) re- 
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Fig. 3.—Samples of the most frequently cited 
articles published in AJR. 
A, Cardiac angiography technique of Robb 


and Steinberg [3]. 


B, Radiologic-pathologic correlations of pul- 
monary infarction by Hampton and Castleman 


[6] 
[7]. 


C, Caffey’s description of the battered child 


D and E, Conceptualization of cancer growth 
rates by Collins, Loeffler, and Tivey [8]. 


and unsuccessful attempts at improving the method of injec- 
tion or filming, the method of Robb and Steinberg ultimately 
was superseded by catheter cineangiocardiography. A re- 
surgence of interest in their work occurred with the advent of 
IV digital subtraction angiography. In this technique, the large- 
bore needle is replaced by a plastic catheter, diodrast is 
replaced by a more dilute and less toxic contrast medium, 
and the chest films are replaced by computerized fluoroscopy. 
Citations to the article by Robb and Steinberg virtually had 
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stopped by 1969, but in the early 1980s, citations started 
again and rose in parallel with citations to the descriptions of 
the technique of IV digital subtraction angiography. (The 
article detailing Seldinger’s technique for catheter replace- 
ment of the needle in percutaneous angiography, published 
in Acta Radiologica in 1953 [4], is the most frequently cited 
article ever published in a radiologic journal [5]. AJR repub- 
lished Seldinger’s article in 1983, on the 30th anniversary of 
its Original publication.) 


Hampton’s Hump 


Hampton and Castleman [6] published in 1940 the classic 
work on radiologic-pathologic correlation of pulmonary infarc- 
tion (Fig. 3B). At postmortem examination, they suspended 
cadavers vertically with ropes under the arms and a leather 
harness (canvas was insufficiently sturdy) around the neck 
and obtained posteroanterior and lateral chest films from a 7- 
ft. (2.13-m) distance. Subsequently, the lungs and airways 
were removed intact, inflated with a formalin fixative instilled 
by gravity, and allowed to fix for 1 week submerged in a 
bucket of additional fixative. Then, the lung was sectioned, 
and the radiologist and the pathologist attempted to correlate 
the findings. Although a detailed enough description of this 
method was provided so that the article might be considered 
a “technique article,” it continued on with a radiologic-patho- 
logic study of pulmonary infarction. The authors described 
the gross and microscopic pathologic changes and their ev- 
olution with time, parenthetically including the results of some 
animal work. They described and correlated the radiologic 
findings, including an explanation of “a convex, slightly irreg- 
ular ‘hump'-shaped shadow,” which has become known as 
Hampton's hump. Further correlation of the radiologic and 
pathologic findings with clinical findings established the lack 
of reliable diagnostic clinical signs or symptoms and empha- 
sized that the prevalence of fatal pulmonary infarction was 
higher than generally appreciated, especially in nonsurgical 
and noncardiac patients. It had been held previously that 
pulmonary embolism occurred almost exclusively in cardiac 
and postsurgical patients. Hampton and Castleman con- 
cluded that “an accurate diagnosis of pulmonary infarction is 
very important because unless proper treatment is carried 
out the patient may have a fatal embolus.” Although angiog- 
raphy and radionuclide scanning have improved the ability to 
diagnose pulmonary embolism and pulmonary infarction, it 
remains a perplexing clinical and radiologic problem. The 
article by Hampton and Castleman continues to receive cita- 
tions every year. 

Pathologic and anatomic verification of the shadows seen 
on films is fundamental to advancement of the cognitive 
aspect of radiology. By having the interpretation of images 
firmly secured in anatomy, pathology, and physiology, radiol- 
ogists avoid the unchecked flight of diagnostic fancy. 


The Battered Child 


In 1946 Caffey [7] reported six cases of infants with con- 
vulsions and chronic subdural hematomas who also had 
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multiple unexplained long-bone fractures of different ages, for 
which history of trauma was denied by parents (Fig. 3C). On 
the basis of radiologic appearances, Caffey then eliminated 
various potential causes for the fractures and settled on 
trauma as the proximal cause. The lack of radiologic signs of 
preexisting general or localized skeletal disease that would 
predispose to pathologic fracture was key to this conclusion. 
Although Caffey did not define all of the particulars of the 
battered child syndrome, or even mention the phrase, his 
contribution was the conceptual link between the chronic 
head trauma and the unexplained injuries of the extremities. 
His conclusion left a clear direction for the researchers who 
followed: “The injuries which caused the fractures in the long 
bones of these patients were either not observed or were 
denied when observed. The motive for denial has not been 
established.” Caffey’s article has been cited an average of 
6.2 times every year for the past quarter century, including 
six times in 1986, 40 years after its publication. 


The Collins Rule 


Collins and coworkers at Baylor University published their 
“Observations on Growth Rates of Human Tumors” in 1956 
[8]; this article has become the most frequently cited article 
every published in AJR (Figs. 3D and 3E). Making the basic 
assumption that cancer begins with a single malignant cell 
that divides at a fixed rate, they described the growth of 
human tumors as a doubling process. This theoretical con- 
struct was applied to observations of the growth of pulmonary 
metastases and of Wilms tumors and led to the derivation of 
a new intellectual framework for thinking about the diagnosis 
and management of cancer. If the rate of doubling remained 
constant, then the gain in tumor volume would increase at an 
exponential rate, explaining how “cancer cells could increase 
at a steady rate for a large period of time and then, without 
change in rate, appear to burgeon in sudden growth.” The 
conceptualization of Collins et al. indicated that clinical diag- 
nosis is a late event in the natural course of cancer and 
exposed the inadequacy of then-existing clinical concepts of 
early diagnosis. As a corollary to their analysis of doubling 
rates of Wilms tumors, they suggested that before a cure 
could be claimed, follow-up of patients treated for Wilms 
tumors was necessary for a length of time equal to the age 
of the patient at diagnosis plus 9 months. This has become 
known as the Collins rule and still retains its validity and 
clinical usefulness. Of wider import was the concept that 
different tumors required different lengths of follow-up. The 
article by Collins et al. has been cited steadily since publica- 
tion, including 10 citations in 1986. 


Body CT and MR Imaging 


The first clinical application of CT was to the brain, where 
physiologic motion did not interfere with the long scan time 
of several minutes per slice. CT scanners with apertures large 
enough for the whole body appeared in 1974, but scan times 
were still too long to avoid blurring from respiration and 
peristalsis. In October 1975, prototypes of an EMI general- 
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Fig. 4.—Year-by-year citations to papers describing the first clinical 
trials of new imaging devices: body CT (Stanley et al. [9] and Sheedy et 
al. [10]) and MR imaging of the brain (Bydder et al. [13]). Vertical axis 
shows number of citations received by papers in the individual years 
indicated on horizontal axis. 


purpose CT scanner with a 20-sec scan time were set up at 
the Mallinckrodt Institute of Radiology (St. Louis, MO) and 
the Mayo Clinic (Rochester, MN) for clinical trials. The articles 
by Stanley et al. [9] and Sheedy et al. [10] described the 
results of those trials. Preliminary reports had been published 
a few months earlier in Radiology, after scientific presenta- 
tions to packed houses at the annual meeting of the Radio- 
logical Society of North America in November 1975. Both 
groups confirmed the diagnostic potential of CT of the abdo- 
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men and chest and indicated many areas for further investi- 
gation. Written by pioneers in a rapidly expanding field, these 
articles received an immediate rush of citations as access to 
CT scanners improved and further research was published. 
As publications on the use of CT progressed beyond describ- 
ing incremental technical advances and establishing the valid- 
ity of various applications, the articles by Stanley et al. and 
Sheedy et al. became less relevant and citations slowed and 
stopped (Fig. 4). The assimilation of CT into the clinical 
practice of radiology occurred in parallel with the publication 
of research articles concerning CT (Fig. 5), illustrating the 
interplay in radiology between equipment and research. 
(Hounsfield’s original description of the system of “comput- 
erized transverse axial scanning (tomography),” published in 
the British Journal of Radiology in 1973 [11], is the second 
most frequently cited article ever published in a radiologic 
journal [12].) 

The description of the first clinical trials of MR imaging of 
the brain was published by Bydder and coworkers at Ham- 
mersmith Hospital (London) in 1982 [13]. The pattern of 
citations to this article appears to be the same as that of the 
two articles on body CT: a rapid rise followed by a rapid 
decline. Both the growth of the literature on MR imaging and 
the dissemination of the equipment have been slower than 
with CT [14] (Fig. 5). 


Conclusions 


Radiology advances in many ways, reflecting the diversity 
of the specialty. Although technical advances have been 
spectacular and have received the greatest share of attention 
in the literature, their ultimate significance lies in the way the 
tools of imaging are applied in the practice of medicine. 
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Fig. 5.—Year-by-year publication of papers mentioning new imaging devices in their titles, abstracts, or indexing terms (from a search of MEDLARS 
that included all journals of medicine and science indexed by the National Library of Medicine, Bethesda, MD) compared with dissemination of the devices 


themselves [14]. 


A, Cumulative number of installed CT scanners compared with yearly publication of papers concerning CT. 
B, Cumulative number of installed MR imagers (units) compared with yearly publication of papers on MR imaging. 
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Imaging is one means of acquiring information about patients. 
With information comes diagnostic precision, and with diag- 
nostic precision comes specific therapy. Imaging is a critical 
aspect in the modern practice of virtually all fields of medicine, 
and it has been pivotal in many nonradiologic advances in 
both diagnosis and management of disease. 

Of wider and more enduring significance, perhaps, is the 
contribution of radiology to the basic understanding of human 
biology and medicine. Technical advances in radiology may 
contribute in serendipitous ways. For example, beyond the 
technical accomplishment of visualization of the interior of the 
central circulation by simple radiography and the immediate 
Clinical implications of that development, Robb and Steinberg 
[3] showed the relative safety of the sudden introduction of a 
huge bolus of foreign matter (contrast material) into the human 
vasculature and thus launched the angiographic era. Hampton 
and Castleman [6] used radiology as a tool to study the 
natural history of a specific disease process, Caffey [7] used 
radiology to uncover a previously unrecognized syndrome of 
pathologic social behavior that has implications beyond med- 
icine, and Collins et al. [8] used radiology to make a funda- 
mental observation about tumor biology. The full measure of 
the contributions of two of radiology’s newest tools, CT and 
MR, has not yet been realized. 
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Radiologic-Pathologic Correlation of Musculoskeletal Lesions. by Terry M. Hudson. Baltimore: 


Williams & Wilkins, 670 pp. 1987. $134.50 


This book is intended for all physicians who are interested in 
musculoskeletal lesions: orthopedic surgeons, radiotherapists, on- 
cologists, radiologists, and pathologists. Its emphasis is the patho- 
logic basis for radiographic images. The extensive material is derived 
from the author's close association with William F. Enneking, who 
had a busy referral practice for many years and cared for patients 
with a wide variety of musculoskeletal diseases. 

The gamut of musculoskeletal lesions is covered: benign and 
malignant bone-forming tumors, benign and malignant cartilage tu- 
mors, giant cell tumors, noninfectious granulomas, bone cysts, no- 
tochordal remnant tumors, benign fibrous and fibroosseous lesions, 
malignant fibrous tumors, tumors arising from marrow elements, tibial 
tumors of unknown origin, tumors arising from vessels, secondary 
malignant tumors, infections of bones, miscellaneous disorders (Pa- 
get disease, bone infarct, some other focal bone lesions), and soft- 
tissue tumors and related lesions. 

Each chapter is written concisely; brief introductory comments are 
followed by an expansion of the underlying gross and microscopic 
pathologic changes that dictate the radiologic appearance. The spec- 
trum of radiographic imaging techniques is then presented for each 
disease: plain radiography, plain tomography, bone scintigraphy, 
angiography, CT, and, to a lesser extent, MR. A relatively short list 
includes the major references for the subject of each chapter. The 
list is followed by beautiful radiologically-pathologically correlated 
images of the various disease entities. 

The textbook is well illustrated. The author typically begins by 
presenting a classic plain radiograph of the disease under discussion. 
Where appropriate, nuclear medicine scans, angiograms, CT scans, 
or MR images are included. Specimen radiography is used liberally. 
Pathologic support for the radiographic diagnosis is provided by 
pictures of gross specimens, macroscopic sections, and histologic 
fields. 

A number of the plain radiographs are too light, probably reflecting 
photographic technique rather than underpenetrated original radio- 


graphs. In addition, a number of the images, particularly radiographic 
images, are displayed in an unusually small format; dimensions of 
some of these images on the printed page are 2 x 5, 3 x 5, or 4 x 
5 cm. This is particularly distracting when the adjacent page has a 
moderate amount of unused space. The advantage of this format, of 
course, is to restrict the size of the book, with obvious savings in 
production costs. | think, however, that this format detracts from the 
quality of the image and that some potentially valuable information is 
lost because of this compromise. 

The author sometimes uses an excessive amount of labeling in 
small images, particularly in the case of macroscopic and histologic 
sections. In addition, he frequently uses two lower-case letters to 
refer to a single area on an illustration, and the reason for his selection 
of specific letters is not always apparent. For example, when referring 
to “pre-existing normal trabeculae,” the author uses the label “nb.” | 
think this labeling detracts from the image and makes the legend of 
the illustration cumbersome. 

The author does an excellent job of presenting a logical method of 
evaluating musculoskeletal lesions. The emphasis is on bone tumors 
and tumorlike conditions. The exquisite illustrations of pathologic 
changes enable the physician to acquire a better appreciation for why 
a radiographic image assumes a particular configuration. Clearly, this 
is the definitive book dealing with the important concept of radiologic- 
pathologic correlation of musculoskeletal lesions. This book should 
be available in the library of all radiology residency programs. | 
wholeheartedly recommend this book to any physician who is inter- 
ested in musculoskeletal tumors. 


Richard P. Moser, Jr. 
Armed Forces Institute of Pathology 
Washington, DC 20306-6000 
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UT of a chaos of chronic deforming 
osteodystrophies, osteomalacias, and 
osteosarcomas, Sir James Paget selected a 
certain type of osteitis deformans to clarify 
this vast group of deforming bone diseases. 
His classical description was the first step 
toward a better understanding of the dis- 
ease which now bears his name. Paget dealt 
only with the generalized deforming osteitis, 
even though there were occasional case re- 
ports of singular bone lesions of the same 
type, which appeared not to fall into his 
group of osteitis deformans. 

A typical example quoted by contraverts 
of mono-osteitic Paget’s disease is a case 
report by Benno Schmidt, in 1874, of a 
pharmacist, aged fifty-six, with a saber- 
shin deformity which was thought at first 
to be a bone sarcoma and which extended 
to the opposite tibia and femur three years 
later. 

In 1883 Bowlby reported a case of a cab 
driver with osteitis deformans of the tibia 
and progressive bowing for over thirty 
years. There was no extension of the proc- 
ess to other bones of the skeleton. The 
patient died from an injury to his head. 

After the roentgen ray began to be em- 
ployed, the problem became more compli- 
cated. Indistinct single bone lesions could 
be seen in the spine where biopsies were 
impossible. Discussions of such cases filled 
the literature. The affected vertebrae ap- 
peared denser on the roentgenogram, and 
therefore such terms as “vertebrae noire” 
or “ivory vertebrae? were used, even 
though they expressed no disease entity 
but only an anatomic-pathologic descrip- 
tion. Although Schmorl reported a biopsied 
case of a single bone lesion in a tibia as 
early as 1905, other mono-osteitic cases 


ce 


were still labelled “hereditary lues,” “‘para- 
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MONO-OSTEITIC PAGET’S DISEASE AS A 
CLINICAL ENTITY 


ROENTGENOLOGIC OBSERVATIONS IN NINE CASES 


By J. A. GROH, M.D. 


Department of Roentgenology, Lutheran Hospital 
CLEVELAND, OHIO 


kanzer,’ “localized osteomalacia,” and 
“osteomalacia chronica deformans hyper- 
trophica.”’ 

I would like to quote Hallermann for his 

complete and concise definition of osteitis 
deformans: 
Paget’s disease is a specific, mild disease, with- 
out known etiology, which involves one or more 
bones and parts of bones, characterized by a 
constant structural change, bone resorption, 
and regeneration within the bone involved, 
leading to a secondary medullary fibrosis. 


In 1931, Schmorl published all his avail- 
able data on this subject. He gave a de- 
tailed pathologic picture, especially in the 
gross specimen. His descriptive term 
“mosaic structure” has done much to 
differentiate this disease from other similar 
bone diseases. Schmorl accepted the mono- 
osteitic form of Paget’s disease as an 
entity, as did Hurwitz and Carr in 1913, 
but he did not agree that it is a rare finding 
as stated by these authors. Schmorl, in his 
observations of 4,603 spines, found the 
single lesion more frequently than the 
polyosteitic form. He also stated its most 
frequent site to be the spinal column. Our 
observations have been in accordance with 
his findings, even to the extent of demon- 
strating two distinct types of Paget’s dis- 
ease in a vertebral body. We found the 
single bone lesion much more frequently 
than the polyosteitic form. (Five of our 9 
mono-osteitic cases have been seen in this 
office during three years, and in the same 
interval only 2 polyosteitic cases were 
observed.) In 6 of our cases the spine was 
the most frequent site of involvement 


(66 per cent). 
REPORT OF CASES 


Case 1. T. M., male, aged fifty-five, was first 
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seen on December 18, 1931, with a history of a 
fall in June, 1931, and pain on shoulder abduc- 
tion of five days’ duration. Previous roentgen 
and physical examinations were negative. Al- 
though light treatments and aspirin gave no 
relief, his symptoms subsided under diathermy. 
There were no complaints referable to his legs. 

He returned in July, 1933, complaining of 
calluses on his feet. At that time he had marked 
bilateral hallux valgus and relaxed arches, and 
note was made of a thickening of the left tibia. 
On August 14, 1933, he returned for a check-up 
before operation for correction of the hallux 
valgus and relaxed arches. Full length films of 
the left tibia and fibula showed a disrupted 
coarse, dense trabeculation of the medulla, 
thickening of the cortex, and anterior bowing 
of the shaft. The other tibia was normal. Skull, 
spine, pelvis, chest and extremities were roent- 
genographed and no areas of involvement 
found. This patient had never complained of 
his leg, and the deformity was an incidental 
finding. He dated the bowing back sixteen years 
and attributed it to constant trauma at the roll- 
ing mill in which he was employed (Fig. 1). 

The urine and blood pictures were normal. 
The blood Wassermann reaction was negative. 
The blood calcium was 12.4 mg. per 100 cc., 
blood phosphorus 3.9 mg. per 100 cc., and 
serum phosphatase 8.8 units (Roberts). 

He was seen again in October, 1934, having 
no complaints referable to the left leg. Roentgen 
examination of the skull, pelvis, spine and ex- 
tremities was again negative. The lesion in the 
left tibia showed no change. The transverse 
radiant lines in the anterior cortex, representing 
so-called “umbau” zones of Looser, were found 
to be the same in number as on previous ex- 
amination. 


Case 11. J. S., male, aged forty-four, was first 
seen on December 1, 1930, complaining of nasal 
polypi, which were removed. On November 23, 
1931, he returned complaining of low back pain 
of two days’ duration. After a roentgen ex- 
amination which revealed a localized pathologic 
process in the second lumbar vertebra (Fig. 2 
and 3), he was admitted to the hospital. 

There was no history of trauma. The pain 
had appeared suddenly and was severe enough 
to keep him awake at night. It was spasmodic 
in character, at just about the level of the iliac 
crests. It was associated with every spinal mo- 
tion, was always localized, and did not radiate. 
When motionless there was no pain. The patient 
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Fic. 1. Case 1. Anteroposterior and lateral views of 
the left tibia and fibula showing the typical struc- 
tural changes of osteitis deformans in the tibia. 
Note “umbau” zones in the anterior cortex. 


had no other complaints. In 1918 he had pneu- 
monia and an unexplained edema of both legs, 
without fever, pain, phlebitis, or cardiac symp- 
toms. A left varicocele was removed twenty-six 
years previously. He had fractured his right 
tibia in 1923 and his right wrist in 1929. The 
family history was negative. 

Palpation of the spine revealed slight promi- 
nence of the second lumbar vertebra with ten- 
derness on pressure. There was muscle spasm, 
hyperesthesia, and pain associated with every 
spine motion. The left sacrospinalis muscle 
group was larger and more prominent than the 
right. Neurologic and other physical examina- 
tion was negative; laboratory findings were 
normal. 

Roentgen examination showed an increased 
density of the second lumbar vertebra involving 
all of its processes. The body projected an- 
teriorly and posteriorly beyond the normal 
spinal curvature. Its outline was not as sharp 
as its neighbors, and trabeculations were widely 
spaced and coarser than normal. The cortex was 
thicker than normal, encroaching on the medul- 
lary portion of the body. Other bones and skull 
showed no abnormal roentgen findings. 
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He returned on September 17, 1931, and 
again on November 25, 1933, presenting the 
same roentgen findings as before (Fig. 4). The 
skin over the second lumbar vertebra was red- 
dened, but there was no definite tenderness. 
There was still spasm and hyperesthesia with 
motion. The neurologic examination at this 
time showed decreased sensation to touch and 
temperature over areas supplied by the first, 
second, and third lumbar vertebral segments, 
with increased spontaneous pain over these 
areas. There was no motor involvement. The 
reflexes were physiologic. The white blood count 
was 12,300, with a normal differential count. 











Fic. 2. Case 11. Anteroposterior view of the lumbar 
spine localized over the second lumbar body. Thia 
centrum is enlarged in all diameters, showing o 
decisive increase in density, especially confined te 
the inferior and superior articulating plates. Thers 
is some rarefaction in the body of the centrum. 
Trabeculations are coarse, running roughly parallel 
in a vertical direction. Lamina and processes are 
involved by the same process. 


The patient refused to wear a brace. He 
signed a release and left the hospital before any 
specific treatment could be advised. 





Kic. 4. Case 11. Lateral view of the second lumbar 
vertebra in 1933 showing no change in its appear- 
ance over a period of two years. 


Hemoglobin was 100 per cent. The smear was 
normal. The Wassermann and Kline reactions 
were I plus. Serum calcium was 9.5 mg. per 
100 cc., serum phosphorus 3.9 mg. per 100 cc., 
and serum phosphatase 4.7 Roberts units. 
The man was unable to work. He had be- 
come irritable and stated that his pain was the 
cause of this condition. He returned to the 
roentgen department on February 4, 1935. The 
second lumbar vertebra showed no roentgeno- 
graphic change since the first examination in 
1931. The skull, pelvis, other vertebrae, spine, 
and both tibiae were again normal. 
Fic. 3. Case 11. Lateral view of the same case as in On February 2, 1938, the patient was ex- 
Figure 2, emphasizing the cortical thickening. amined elsewhere for a low back pain, and 
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roentgenograms were taken of the Jower spine. 
These came to my attention, and I recognized 
the patient’s name and the appearance of the 
second lumbar body. There was no change since 
the earliest examination seven years before 
(Fig. 5 and 6). 





Case 111. B. T., male, aged fifty-five, was seen 
in November, 1927. He complained of extreme 
backache over the lower Jumbar region of 
eleven months’ duration, loss of appetite, a 
tired feeling, and incontinence of urine. The 
family history was negative. His past history 
revealed an uncomplicated typhoid fever in 
early life. 








FIG. 7s Case III. Anteroposterior view of lower half of 





the spine including the sacrum showing the dense 
irregular, enlarged fourth lumbar body. Its tra- 
beculations cannot be made out. The density 1s 
of an even character in comparison to the blotchy 
type of increased density seen in metastatic car- 
cinoma. 








Fic. ç. Case 11. A check-up view in 1938, showing 
no change in the appearance of the second lumbar 
body. 








Kic. 8. Case 11. Lateral view. 


Physical examination revealed a well de- 
veloped, well nourished male, not acutely ill, 
with a flaccid paraplegia of the lower limbs. He 
| Fic. 6. Case 11. Lateral view check-up in 1938. presented the picture of cardiac decompensa- 
| No change of structure since 1931. tion, although little could be elicited by chest | 
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lic. 9. Case 1v. Anteroposterior view of the mid- 
lumbar section showing the same typical findings 
in the fourth lumbar as in the previous case. The 
cortical calcification and thickening are not as pro- 
nounced as in the other cases. 





Fic. 10. Case 1v. Lateral view of the fourth lumbar 
vertebra in the same case as in Figure 9. 


examination. There was edema of the lower 
limbs, penis and scrotum. The prostate was en- 
larged. There were no palpable glandular en- 
largements. His temperature was normal. 
Albumin was present in the urine. Roent- 
genograms of the lumbar spine showed a dense, 
irregularly outlined, nodular change in the 
fourth lumbar vertebra. The body projected 
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forward and laterally beyond the normal spinal 
curvature and was so dense that no trabecula- 
tions were visible. The intervertebral spaces 
were well maintained. The lamina showed defi- 
nite involvement by the same sclerosing process 
(Fig. 7 and 8). The patient returned about two 
months later for roentgen examination of the 
entire skeletal system. Skull, pelvis, other verte- 
brae and the long bones showed no abnormality. 
The lesion in the fourth lumbar vertebra ap- 
peared the same as previously. The patient’s 
illness became rapidly worse, and he died 
shortly afterward. An autopsy was not ob- 
tained. 


Case 1v. A. L., male, aged fifty-seven, com- 
plained of “indigestion” and upper right quad- 
rant pain, coming in severe attacks beginning 
in July, 1936. His past history was irrelevant. 
There were no other systemic disturbances. The 
physical examination revealed nothing signifi- 
cant. 

A cholecystogram showed stones and a 
poorly functioning gallbladder, and revealed 
that the fourth lumbar vertebra was consid- 
erably increased in density in comparison with 
the neighboring bodies. Trabeculation was pro- 
nounced, mainly cortical, and the trabeculae 
appeared to be parallel. The cortex of the body 
was denser than usual. The lateral diameter was 
increased, and the body projected slightly be- 
yond the normal anterior and posterior curva- 
tures of the lumbar spine. 

The blood Wassermann reaction was nega- 
tive, blood calcium was 11.1 mg. per 100 cc., 
blood phosphorus 3.0 mg. per 100 cc., and the 
serum phosphatase was 12.15 Roberts units. 
The blood smear was normal. The patient spe- 
cifically denied any vague back pain or discom- 
fort. A checkup of the entire skeletal system on 
January 21, 1938, showed no other bone in- 
volvement, and the appearance of the fourth 
lumbar body had not changed at all. The blood 
calcium was elevated to 12.4 mg. per 100 cc. 
and the blood phosphorus was 3.65 mg. per 
100 cc. at the time of the last visit (Fig. 9 and 
1O). 


Case v. J. C., male, aged fifty-two, had a fall 
on July 23, 1936. Roentgenograms were taken 
elsewhere and the eleventh and twelfth ribs 
found to be fractured. On these films it was 
noted that the third lumbar vertebra was con- 
siderably larger and denser than its neighboring 
bodies. The trabeculations were coarse and 


seemed to run in parallel vertical lines. The in- 
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creased density was mainly due to a dense corti- 
cal thickening. It was referred to as “‘ivory-like”’ 
in density. Possible diagnoses suggested were 
metastatic malignancy from a prostatic car- 
cinoma, Paget’s disease, hemangioma of the 
vertebra. No other bones were roentgeno- 
graphed to check for multiple lesions. 

The patient’s family physician found no ab- 
normality or change from the normal on 
thorough physical examination. The patient 
worked every day and was watched over a 





Fic. 11. Case v. Anteroposterior view of the lumbar 
spine showing the typical structural changes of 
osteitis deformans in the third lumbar vertebra as 
seen in previous Cases. 





Fig. 12. Case v. Lateral view of the lumbar spine. 
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Fic. 13. Case vi. Collapsed fourth lumbar with re- 
sulting scoliosis and rotation of spine. The collapse 
is all central. Note the recognizable Paget struc- 
ture in remaining portion of body which has not 
collapsed. Note sixth lumbar bodies. 


year and a half, showing no indications of 
metastases. The case was brought to my atten- 
tion, and I repeated the roentgen examination 
of the lumbar spine. I was unable to show any 
change in the appearance of the lumbar body 
as compared with the first films. The entire 
skeletal system was roentgenographed and 
found to be negative. The patient was well in 
all respects and did not complain of any pain. 
When questioned about his back he attributed 
a low backache to his work. He had lost no 
weight over a period of years (Fig. 11 and 12). 

The blood Wassermann reaction was nega- 
tive, blood calcium was 9.2 mg. per 100 CcC., 
blood phosphorus was 3.65 mg. per 100 cc. The 
serum phosphatase was higher in this case than 
in any of the previous ones and reached a level 
of 14.6 Roberts units. 


Case vi. Y. L., female, aged fifty-one, was 
seen in November, 1935, complaining of alow 
backache with pain radiating into the lower 
limbs and tingling of the toes, exaggerated on 
exertion. The backache was of twenty-five 
years’ duration. 

When she had first noted this backache a 
diagnosis of “floating kidney” was made. In 
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1926, her first roentgen examination (Fig. 15) 
suggested an “‘old injury to the fourth lumbar 
body.” Other diagnoses at varying later dates 
were “hemangioma,” “giant cell tumor,” and 
in 1935 “old epiphysitis” and another ‘‘diseased 
vertebrae.” 

Films taken on these dates showed practically 
no change in the appearance of the fourth 
lumbar body. Roentgenograms of the entire 
skeleton were negative. The last films of the 
lower spine showed the same disease process as 
in the previous examination, 1.e., a sclerosing 
cortical lesion with rarefaction and structural 
changes typical of Paget’s disease. The body 
was collapsing due to softening, resulting in a 
lateral shifting of the spine. Nerve root com- 
pression was probably responsible for the pres- 
ent complaints (Fig. 13 and 14). 

Physical examination revealed only marked 
lordosis and right lateral scoliosis of the lumbar 
spine with localized tenderness over the lower 
lumbar segments. The reflexes were normal. 
The blood calcium was 12.74 mg. per 100 cc., 
blood phosphorus was 4 mg. per 100 cc., serum 
phosphatase was 13.3 Roberts units. Smears 
and routine blood studies were normal, and 
the Kline reaction negative. 


Case vil. M. M., female, aged sixty-three, 
complained of a limp and pain in the left hip. 
This limp started about twelve years previously 
with occasional pain in the left hip, later on 
becoming more steady but no more severe. 
About three to four months prior to admission 
there was a “definite change for the worse.” 
The pain became more intense, and the limp 
was more pronounced. There was progressive 
shortening of the left leg. The history was 
otherwise irrelevant. 

There was no loss of weight or appetite. 
Physical examination showed distortion of the 
pelvis with tilting to the right and apparent 
shortening of the left lower limb, with a com- 
pensating lumbar scoliosis. Roentgen examina- 
tion of the entire skeleton showed normal bone 
structure throughout except in the left pelvis, 
defined sharply by the left sacroiliac joint pos- 
teriorly and the symphysis pubis anteriorly. The 
left innominate bone showed typical coarse 
changes about the acetabulum, obliterating all 
1926. In comparison the collapse is not as marked, detailed SOC VA The entire bone ir larger 
and the resultant shifting of the upper lumbar than the right. It bulged medially in the mid- 
spine as severe as at present. Paget changes are section about the acetabulum, suggesting a 
more obvious then because the body has not com- softening of the bone and compensating new 
pletely collapsed. bone formation. 





Fic. 14. Case vi. Lateral view. 





Fic. 15. Case vı. Anteroposterior view of same pa- 
tient obtained from New York Clinic taken in 
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The routine blood examination was negative, 
as was the Kline reaction. The blood calcium 
was 12.53 mg. per 100 cc., blood phosphorus 
3.816 mg. per 100 cc., serum phosphatase 13.1 
Roberts units (Fig. 16 and 17). 


Case vit. W. N., male, aged fifty-one, was 


seen in March, 1939, with the complaint of 


sharp pain in the low back of one week’s dura- 
tion, following a fall on his back. There were no 
other complaints. He had complained of low 
backache for over ten years and had undergone 
several physical examinations during these 
years. The diagnosis was “hysteria,” and later, 
on repeated examinations “sciatica,” “subacute 
infection of the lumbosacral joints,” “arthritis,” 
and still later, in 1935, “an early destructive 
lesion, osteitis of the third lumbar body.” 
Physical examination at this time revealed only 
rather generalized tenderness over the lumbar 
spine with some lumbar spasm (Fig. 20). 

Roentgen examination of the entire skeleton 
showed normal bone structure throughout ex- 
cept for the third lumbar body which showed a 
slight increase in size as compared with the 
neighboring bodies. There was a rarefaction of 
the internal structure with coarse parallel 
trabeculations and typical mosaic structure. 
There was practically no cortical change as 
contrasted to the other cases of Paget’s disease. 
Comparison of recent films with others taken 
elsewhere presented no change in appearance in 
the third lumbar body since 1931 (Fig. 18 and 
19). 

The first lumbar body was the site of a recent 
compression fracture. The patient was admitted 
to the hospital for a spica cast. Blood examina- 
tion was negative, the Kline reaction was nega- 
tive. The blood calcium was 11.8 mg. per 
100 cc., blood phosphorus 2.1 mg. per 100 Cc., 
serum phosphatase 14.1 units (Roberts). 

Another examination in November, 1939, 
showed no demonstrable change of the third 
lumbar body. The compressed vertebrae healed 
normally. 


Case 1x. A. S., male, aged thirty-five, com- 
plained of persistent dull pain in the right hip 
following a fall. A few days after the injury a 
diagnosis was made of sarcoma of the right 
ilium on the basis of roentgen examination else- 
where (Fig. 21). 

The left pelvis was normal. The right pelvis 
was decidedly increased in density throughout, 
this change being most marked about the 
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Fic. 16. Case vu. Obvious Paget type bone changes 
in the left innominate bone, confined to this bone 
sharply at sacroiliac joint and symphysis. Note 
bulging of acetabulum medially due to softening of 
bone. 


and trabeculation as seen in Paget’s disease. 


There was no medial bulging of the right pelvis, 


but the right acetabulum lay at a slightly higher 





Fic. 17. Case vit. Overexposed close-up view, local- 
ized, of same pelvis as in Figure 16, to bring out 
structural changes. 





acetabulum. There was typical mosaic pattern, 
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Fig. 20. Case vii. A lateral view taken in 1933 in 
Chicago of same case as Figure 19. The lacework 





fic. 18. Case vit. Earliest Paget change in third of trabeculae is not as obvious then, but the 
lumbar body but typical especially in the lower changes in the arches and posterior articulating 
lateral quadrants with resultant bulging (compare processes are shown better. 


with previous cases). Rearrangement of trabeculae 
and dense stippling. Note mosaic structure, which 
is better demonstrable now before cortex becomes 
too dense. This is a typical fibrous type of Paget’s 


level and was deeper partly because of marked 
cortical proliferation about the acetabular ridge. 
Physical examination was negative. Subse- 


disease. k : 
quent films taken of the entire skeleton showed 








hic. 21. Case 1x. Typical Paget changes observed in 
the right innominate bone, confined sharply by the 
sacroiliac joint and the symphysis. The bone is 
larger, coarser, and denser, with proliferative 
Kic. 19. Case vit. Lateral view of same case as in changes about the acetabulum. Note that there is 
Figure 18. There is very little change since 1933, as yet no medial bulging of the acetabulum, as 
if compared with Figure 20, seen in Case vIr. 
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no other bone involvement. The spine, skull and 
long bones were negative. The Kline reaction 
was negative. Routine blood counts and smear 
were negative. The blood calcium and phos- 
phorus were reported as “normal”; serum phos- 
phatase was 13.6 mg. per 100 cc. 


DISCUSSION OF MONO-OSTEITIC PAGET'S 
DISEASE 


As to the etiology of Paget’s disease 
there are still divided ideas. I am inclined 
to agree with investigators who believe 
this disease to be a slow infectious process 
within a bone. There are numerous cases 
which present a clinical picture of infection: 
local redness, swelling, and increased sur- 
face body heat over the bone affected. 
There is pain and tenderness. There 1s 
periosteal reaction to a possible low grade 
infection. Malignant changes are seen occa- 
sionally. If we can establish a definite 
entity of a mono-osteitic form of Paget’s 
disease we must look for our etiologic factor 
locally and not generally as was previously 
thought. There is no concrete proof that 
the parathyroids are the cause of the 
trouble. Calcium and phosphorus levels are 
normal in Paget’s disease. 

The lesion must be infectious in nature 
and may be arrested in its progress as soon 
as the entire bone is involved. During the 
early active infection, metastatic foci may 
be set up in other bones. 

The usual arterial calcification present 
in all cases of Paget’s disease seems to be a 
contributary factor rather than primary. 
The decreased local blood supply may 
interfere with a local immunity in a bone 
against a low grade infection. 

Today we accept osteitis deformans as a 
disease entity, separate from osteitis fi- 
brosa cystica, though ten years ago such 
men as Assmann thought there was a com- 
mon etiologic factor for both diseases and 
that each was a different manifestation of 
the same disease. Hallermann distinguished 
between these two diseases in 1929. 
Schmorl also proved two distinct entities 
in his reports. 

The next problem concerns the delim- 
itations of the disease. Is mono-osteitic 
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Paget's disease a distinct entity or should 
it be considered an early manifestation of 
the generalized disease? No discussions 
have appeared in the English literature 
since Schmorl published his work. The 
lapse of discussion since 1931 may be con- 
strued as an acceptance of mono-osteitic 
Paget’s disease as a definite entity. 

We agree with the earliest authors that 
when they described doubtful bone lesions 
and deformities of long bones, no one could 
state with certainty the extent of the 
disease in the entire skeleton. Their con- 
clusions were uncertain. There 1s no doubt 
that the disease is mainly a roentgeno- 
logical problem, and because of that fact, 
our conceptions have become more definite 
and conclusive. Today the roentgen ray 
offers a method for study not only of the 
nature of the disease but also of the extent 
of the lesion. Is it mono-osteitic or poly- 
osteitic? We have had cases under obser- 
vation long enough to be convinced that 
Paget’s disease can occur in one bone only 
and never become generalized. 

As Newton stated fifteen years ago, the 
lesion is entirely a roentgenological prob- 
lem inits non-clinical form and no biopsy 1s 
necessary. In 1933, Jaffe wrote: 


A critical analysis of the reported clinical cases 
of the monostatic group shows, however, that 
only a small number properly belong to this 
group, for included among reported cases are 
instances of other local bone diseases, which 
have been improperly classified, especially lo- 
calized forms of fibrocystic disease, lues, and 
forms of bone tumors. 


The disease is so definite and regular in the 
change it produces in the bones involved 
that to the experienced eye it is recog- 
nizable and can be differentiated from the 
changes in the bones seen in osteitis fibrosa 
cystica, angioma, osteomalacia, osteomy- 
elitis, lues, and osteoplastic metastatic new 
growth. 

Improved roentgenologic technique in 
demonstrating bone detail is responsible 
for our being able to recognize two different 
types of bone changes in mono-osteitic 
Paget’s disease of the spine. 
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Schmorl has described the two different 
Paget types in his voluminous work on 
pathology of the spine. He has found that 
part of a vertebral body may be involved 
early in the disease, but that soon the entire 
body, with its processes and often its spurs, 
if any are present, will be uniformly in- 
volved. It has also been observed that the 
lesion extends into the neighboring body 
through hypertrophic spurs if they form a 
complete bridge across the intervertebral 
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in the lower extremities bow because they 
are softened and weight bearing. The in- 
nominate bone is definitely denser, en- 
larged, and bows inward and upward. The 
acetabulum becomes deeper and rides 
higher, resulting in a limp. In the vertebrae 
one type shows a dense cortical frame which 
has developed because of a fusion of the 
thick outer layer of trabeculae. The trabec- 
ulae in the center of the body become 
fewer in number, forming a coarse lace- 
work. This type of Paget’s disease even- 























space. 
Tague I 
SUMMARY OF CASES 
i Duration of : Serum Phos- 
; ! 7 | 
Case Sex Age Part Involved airm Type of Complaint Giataes Lava" 
1 T.M. M fs Lefttibia None Bowing of leg 8.8 mg. 
u J.S. M 44 Second lumbar Two days Short stabs of pain 429 
localized in low back 
mt B.T. M §5 Fourth lumbar Ten months Localized backache Not done 
iv A.L. M 57 Fourth lumbar None None (accidental finding) 12.15 
v J.C. M «52 Third lumbar None None (accidental finding) 14.6 
vi Y.L. F çı Fourth lumbar Twenty-five years Early:low backache; late: 13.3 
sharp radiating pain legs 
vi M.M. F 63 Leftinnominatum Twelve years Little pain in hip, mainly 13.1 
limping 
vit W.N. M și ~~ Third lumbar Ten days Low backache 14.1 


Ix A.S. M 35 ~~ Right innominatum Six days 











* Morrell-Roberts units 


It has been said that the term “osteitis 
deformans”’ does not apply to the disease in 
the spinal column. We find affected verte- 
bral bodies to be definitely deformed. The 
body involved by Paget’s disease is en- 
larged and its trabeculae are coarse, dense, 
and interlacing, giving us the familiar 
mosaic structure (the term first employed 
by Schmorl). There is also a change in 
shape: a narrowing of the sagittal diameter 
or thickness. 

The disease is characterized by a con- 
stant “umbau” (tearing down and building 
up) of new bone. Trabeculae are fewer, 
coarser, thicker, and surprisingly softer. 
The cortical tissue becomes heavier, thicker 
and denser in structure, probably with 
some periosteal bone deposit. Long bones 


Dull hip pain following fall 
six days previously 





tually collapses under the pressure; the 
degree of collapse varies. In some cases 
there is only a decreased sagittal thickness 
and an enlargement of the body in other 
diameters. In one of our cases there was at 
first slight and later complete collapse with 
a resultant slipping of the body above. 

In the other type of Paget’s disease, 
there is more generalized involvement of 
the vertebral body. The entire body is ex- 
tremely dense throughout. Its trabecular 
structure is thickened and coarse; there 
is no specific dense frame around a hollow 
body. The segment is enlarged uniformly 
in all dimensions. The appearance is that 
of an “ivory vertebra,” and there is a 
problem in differentiating it from similar 
forms as seen in marble bones, osteoscle- 
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rotic anemias, leukemia, malignant lympho- 
granuloma, myeloma (infrequently osteo- 
plastic), osteoplastic metastatic lesions 
from carcinoma of prostate or breast, and 
lues. This vertebra withstands a weight 
bearing pressure and does not collapse. 

The non-collapsing type of osteitis de- 
formans is usually without pain or other 
symptoms, whereas the collapsing type 
is definitely painful, probably because of 
compression of the body so minute that it 
is sometimes not demonstrable roentgeno- 
graphically. Later symptoms are referable 
to the further mechanical effects resulting 
from nerve root compression. 

The cases presented show blood chem- 
istry changes similar to those observed by 
Gutman and Kasabach. The serum calcium 
and serum phosphorus are within normal 
levels. The important change is in the 
serum phosphase activity which is elevated 
in all polyosteitic cases whereas there may 
be no or only slight elevation in mono- 
osteitic cases. The highest value reached in 
our series of cases was 14.6 units (Morrell 
and Roberts), which isconsiderably less than 
the 59.5 to 130.3 units (Bodansky method), 
reached in the advanced polyosteitic cases 
reported by Gutman and Kasabach. There 
is therefore a direct relationship between 
the measurable serum phosphatase activity 
and the extent of bone involvement in the 
skeleton. 

Usually the single bone lesions are found 
accidentally during roentgen examinations 
for irrelevant abdominal complaints or 
during examinations after injury. If the 
lesion is not located in the spinal column, 
where it may be symptomless, deformities 
of the pelvis or long bones give the chief 
complaints. Spinal lesions are usually 
spoken of as “non-clinical” because of the 
absence of clinical findings. Two of our 
cases gave severe symptoms of nerve root 
compression localized over the involved 
spinal area, whereas 3 cases gave no symp- 
toms referable to the findings in the spine. 

The lesion is never “generalized,” but 
polyosteitic or mono-osteitic from the on- 
set, and develops rather rapidly in any 
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bone once it shows any sign of involvement. 
I have observed a femur in a polyosteitic 
form of Paget’s disease which presented 
such an extreme involvement and bowing 
over a period of a year and a half that the 
leg was one and a half inches shorter than 
in the previous examination, when it 
showed only some cortical thickening be- 
low the lesser trochanter. This contradicts 
our former concept of Paget’s disease as a 
slowly progressive lesion. Once the whole 
bone is involved, the lesion reaches an ar- 
rested stage and remains so for any number 
of years. There may be years of slow pro- 
gressive bone changes due to compression, 
or even sarcomatous change may develop. 

Generally speaking, one can say that 
Paget’s disease does not occur below the 
age of forty years, but one of the cases pre- 
sented here is that of a patient only thirty- 
five years old. Schmorl encountered no in- 
stance before the age of forty in 4,603 
routine spinal dissections which undoubt- 
edly held many symptomless cases. There 
must bemany cases of mono-osteitic disease 
in a non-clinical form which do not come 
under observation until later ages, during 
examination for some irrelevant trouble. 


SUMMARY 


1. Nine cases of localized Paget’s disease 
(mono-osteitic) have been presented; the 
histories, follow-up examinations, and long 
observation seem to prove that mono- 
osteitic Paget’s disease does not become 
polyosteitic. 

2. Paget’s disease is either polyosteitic 
or mono-osteitic. 

3. Mono-osteitic Paget’s disease is a 
distinct entity, not an early stage of a 
polyosteitic disease, and, though often un- 
recognized, a more common form than the 
polyosteitic type. 

4. The mono-osteitic form may be of 
two basic types: (a) a fibrotic, rarefying 
structural change with softening of bone 
resulting in deformities, or (b) a sclerotic 
osteoplastic new bone formation mainly of 
cortical or periosteal source. 

5. Once the disease develops it progresses 
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rapidly until the affected bone is completely 
involved and then there is no further rec- 
ognizable progress. 

6. The lesion is most often seen in the 
lumbar bodies and is essentially a roentgen - 
ologic problem in diagnosis, since this is 
the only means of recognizing it. 

7. The blood phosphatase activity is 
indicative of the amount of bone involve- 
ment.* 
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* Since the evidence of this paper has been compiled, 3 more 
cases of mono-osteitic Paget’s disease have come to my attention. 

Two of these cases, both of which were localized to the right 
tibia, were in a mother and her son. The mother was over sixty 
years of age and the son was forty-two. The mother had com- 
plained for over twenty-five years of a painless bowing of the 
right lower leg which had become painful the last half year. The 
son complained of no pain, but had noticed a similar bowing in 
his right lower leg during the past five years. The rest of the skele- 
ton was negative in each patient. These cases are of interest 
because of the apparent familial nature of the disease in this in- 
stance. It should be of interest to investigate this phase of osteitis 
deformans further. 

The third case is a biopsied one. It is the only case which was 
subjected to a biopsy, and therefore was proved by pathologic 
section, 
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Editor’s Note 


Dr. Jean Adolph Groh, the author of the preceding article, was born in 1901 in Frankfurt, Germany. 
He came to the United States when he was 20 years old. Unable to speak English, he took English 
lessons at 25¢ per lesson until he had mastered the language. Dr. Groh entered Muskingum College, 
New Concord, OH, in 1925, and was accepted at the School of Medicine at Western Reserve University, 
Cleveland, in 1928. After graduating, Dr. Groh spent 1 year in the Department of Surgery at University 
Hospitals of Cleveland and then studied for the next 3 years as a resident in Radiology at the same 
institution. 

At the end of his residency, Dr. Groh became the first physician radiologist at Lutheran Hospital in 
Cleveland. He became head of the Radiology Department there in 1935 and stayed in that position until 
1967, when he retired with full honors. In recognitiion of the esteem that his colleagues had for him, the 
Board of Trustees at Lutheran Hospital instituted a “Dutch” Groh award, which was given to a staff 
member at selected intervals. Dr. Groh died in 1968. 

Dr. Groh’s article on Paget disease reproduced here was originally published in volume 50 of the AJR 
in 1943. 





The reader’s attention is directed to the Commentary on this article, which appears on 
the following page. 
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Paget Disease of Bone: Current Status and a Look Back to 
1943 and Earlier 


Donald Resnick' 


Paget disease of bone (osteitis deformans) is a condition 
of unknown cause that affects approximately 3-4% of the 
population over the age of 40 years [1, 2]. Its name is a 
tribute to Sir James Paget, an astute clinician whose original 
description of the disease in 1877 [3] serves as a model to 
those of us who strive to write with clarity and precision. In 
that description, Paget presented a detailed report of one 
patient whom he had observed for approximately 20 years, 
as well as a brief summary of several other individuals with 
the same disorder. Although other reports preceded his, 
Paget's account is recognized as a lesson in accurate and 
lucid writing, and the disorder is now called Paget disease. 

During the 110 years that have elapsed since Paget's 
landmark article, the disease has been the subject of intense 
interest, speculation, and investigation. It now is Known that 
Paget disease shows certain geographic and racial charac- 
teristics: It is especially common among inhabitants of Great 
Britain, Australia, and certain areas of continental Europe; it 
is relatively frequent in the United States but rare in Japan 
and China. Paget disease predominates in middle-aged and 
elderly individuals, although reports document its occasional 
occurrence in young adults [4]. It affects men more often than 
it affects women, and the age of onset may be slightly lower 
in men than in women [5]. Familial history of the disease has 
been identified in some instances, with reports indicating that 
several members of a family in various generations and iden- 
tical twins may be affected [6]. Although variable in its clinical 


This article is a commentary on the preceding anniversary reprint by Groh. 
Received July 30, 1987; accepted after revision August 28, 1987. 
This work was supported in part by VA grant SA306. 


manifestations, Paget disease is asymptomatic in most in- 
stances. The disorder is characterized by excessive and 
abnormal remodeling of bone. It passes through active and 
quiescent phases leading to a combination of osseous re- 
sorption and apposition that produce a distinctive pathologic 
and radiographic appearance in which irregular bone frag- 
ments have a thickened and disorganized trabecular (mosaic) 
pattern (Fig. 1). 

A reprint of the report by Groh [7], which appeared in the 
AJR 45 years ago, precedes this paper and underscores the 
interest that radiologists have had in Paget disease. In Groh's 
report, he describes nine patients, seven men and two women 
between the ages of 35 and 63 years, with “localized” involve- 
ment of the spine (six patients), innominate bone (two pa- 
tients), or tibia (one patient). He further comments on the 
causes and natural history of the disease and the value of the 
radiographic and laboratory examination in studying its 
course; in the form of an addendum, Groh notes three other 
cases in which monostotic involvement was observed. The 
article is interesting reading and shows the modern radiologist 
what was known or believed about Paget disease more than 
4 decades ago. The information in this paper provides an 
appraisal of Groh’s report and a summary of current concepts 
of the disease. These are supplemented with quotes derived 
from the original descriptions of Paget, many of them more 
than 100 years old, which will emphasize the fact that accu- 
rate scientific writing will long be valued. 


' Department of Radiology, Veterans Administration Medical Center, 3350 La Jolla Village Dr., San Diego, CA 92161. 
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It is often said or implied that, in our profes- 
sion, a man cannot be both practical and 
scientific; science and practice seem to some 
people to be incompatible. Each man, they 
say, must devote himself to the one or the 
other. The like of this has long been said, and 
it is sheer nonsense. 


Sir James Paget (1894) [8] 


Etiology 


“With regard to the nature of the process .. . 
only three things could produce so great an 
increase in the size of a bone, namely, new 
growth (tumor), hypertrophy, and chronic in- 
flammation. The first of these may be at once 
set aside as out of the question, nor is the 
second much more probable than the first... . 
of the three causes chronic inflammation alone 
remains.” 


Sir James Paget (1877), quoting Mr. Butlin [8] 


Despite the scrutiny to which Paget disease has been 
subjected, there still is no consensus about its cause. It has 
been suggested that Paget disease is an inflammatory, he- 
reditary, neoplastic, vascular, traumatic, endocrinologic, or 
immunologic disorder [2]. Until recently, the evidence sup- 
porting any specific cause has been either nonexistent or 
inconstant and easily refuted [9]. For example, reports of 
familial aggregation of cases and of increased prevalence 
among certain ethnic groups have lead some investigators to 
argue that an autosomal dominant pattern of inheritance is 
present, whereas other investigators have emphasized the 
fundamental role that parathyroid hormone plays in the de- 
velopment of Paget disease. An inflammatory cause has been 
championed by numerous investigators, including Paget. In- 
deed, Groh [7], at the outset of his discussion, states in no 


Fig. 1.—Histologic abnormalities 
. of Paget disease: mosaic pattern. 
Note presence of cement lines (ar- 
row) joining areas of lamellar bone. 
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uncertain terms that the pagetic lesion must be infectious in 
nature, citing clinical manifestations consistent with infection 
(such as redness, swelling, and a localized increase in heat) 
that repeatedly have been described. 

In agreement with Paget's original hypothesis and with 
Groh’s strong belief, the theory that the cause is infectious, 
specifically a viral illness, has gained support by observations 
in a number of recently published articles [10]. Active pagetic 
bone is characterized by the presence of giant osteoclasts 
containing large numbers of nuclei. In 1974, Rebel et al. [11] 
identified, by ultrastructural examination, organized groups of 
microcylinders within the nuclei and the cytoplasm of the 
osteoclasts in areas of bone affected with Paget disease. 
These intranuclear inclusion bodies, the presence of which 
have been corroborated in subsequent investigations [12- 
14], are not observed in osteoblasts or osteocytes in pagetic 
bone or in osseous tissue derived from patients with a variety 
of other skeletal disorders, even those characterized by os- 
teoclastic proliferation [2]. The inclusions, however, are not 
entirely specific for pagetic bone, having been identified within 
giant cell tumors in patients with [15, 16] or without [17, 18] 
Paget disease. Ultrastructural characteristics of the pagetic 
osteoclasts led to the hypothesis that the inclusions have a 
viral nature. Similar cellular characteristics are observed in 
disorders produced by certain viruses, specifically subacute 
sclerosing panencephalitis related to a Paramyxovirus of the 
measles group [19]. Additional morphologic evidence for a 
viral cause of the intranuclear inclusions has included (1) the 
dense fibrillar material associated with some of the inclusions 
is similar to that found in the nuclei of virus-infected cells; (2) 
filament bundles and spindle-shaped structures enclosed in 
double membranes observed in the cytoplasm of some os- 
teoclasts are considered an indirect cellular response to viral 
attacks; and (3) the presence of enormous osteoclasts in 
pagetic bone is compatible with abnormalities of in vitro 
measles virus infection [20]. Certain immunologic data have 
reinforced this viral hypothesis [13, 21], and significant and 
sustained viral antibody titers against the measles virus have 
been detected in a few patients with Paget disease. Although 
the cause of the disease still is not entirely clear, all of the 
experimental evidence cited above would appear to support 
the concept that Paget disease is a slowly developing viral 
infection of osteoclasts. 


Skeletal Distribution and Extent 


The most frequent seats of the osteitis have 
been ... the tibiae, femora, clavicles, spine 
and vault of the skull. ... The skull became 
gradually larger, so that nearly every year, for 
many years, his hat and the helmet that he 
wore as a member of a Yeomanry Corps 
needed to be enlarged... The length of the 
spine thus seemed lessened, and from a 
height of six feet one inch, he sank to about 
five feet nine inches... . 


Sir James Paget (1877, 1889) [8] 
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The predilection of Paget disease to affect the axial skeleton 
is well documented. Particularly characteristic is the involve- 
ment of the innominate bone (20-75% of cases), sacrum (30- 
60%), spine (30-75%), and skull (25-65%). Additionally, the 
proximal long bones, particularly the femur (25-35% of 
cases), are commonly affected. A preference for the lower 
extremities and a tendency for right-sided alterations are other 
emphasized features of the distribution of Paget disease. The 
central distribution corresponds to that of hematopoietic red 
marrow, so that the locations of Paget disease are similar to 
those of skeletal metastases; however, the relative frequency 
of tibial involvement and infrequency of rib involvement are 
features of Paget disease not shared by osseous metastases 
[2]. 

Although these general characteristics of Paget disease are 
well accepted, accurate assessment of the precise distribu- 
tion of the disease is difficult owing to the facts that osseous 
lesions are commonly asymptomatic and that a true delinea- 
tion of the extent and sites of involvement requires an imaging 
survey of the entire skeleton. Although Paget disease is 
polyostotic in most cases, it may be initially or totally mon- 
ostotic in 10-35% of cases. In Groh's description of nine 
patients with monostotic abnormalities [7], radiographic sur- 
veys of classic target areas of the disease were used to verify 
the absence of involvement at other skeletal sites. At present, 
the assessment of the extent of skeletal disease might be 
accomplished better with bone scintigraphy (Fig. 2). As would 
be expected, areas of osseous disease are depicted as sites 
either of increased uptake of bone-seeking radiopharmaceu- 
tical agents or, in appropriate locations, of marrow replace- 
ment [22-25]. The immediate accumulation of radionuclide 
reflects an increased blood flow to bone, which may explain 
false-positive brain scintiscans in patients with calvarial Paget 
disease [26]. Scintigraphic abnormalities may precede radio- 
graphic changes, underscoring the greater sensitivity of radio- 
nuclide vs radiologic examinations. Furthermore, scintigraphy 


Fig. 2.—Scintigraphy shows extent 
of skeletal involvement. Intense uptake 
of bone-seeking radiopharmaceutical 
agent occurs in each case. 

A, Scapula. 

B, Cranial vault. 

C, Clavicle, innominate bone, and 
tibia. 
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can document the extent of the initial, osteolytic phase of 
Paget disease [27], during which increased radionuclide ac- 
tivity may be particularly prominent at the advancing edge of 
bone lysis, corresponding to sites of intense vascularity, 
osteoclastosis, and new bone formation [28]. Serial bone 
scintigraphs may provide objective evidence of the effects of 
various therapeutic agents (See later discussion). 

As noted by Groh [7], monostotic Paget disease appears 
to predominate in the axial skeleton, although any portion of 
the skeleton may represent the sole site of involvement. 
Although Paget disease confined to one bone or a portion of 
one bone may be more difficult to diagnose, characteristic 
radiographic findings generally are observed, allowing accu- 
rate differentiation from other conditions. In the tubular bones, 
a predilection for the epiphyseal area, an advancing wedge of 
radiolucency (Fig. 3), periosteal apposition of new bone lead- 
ing to widening of the osseous surface, and deformity and 
fracture are characteristic, although not invariable, features 
of Paget disease. Rarely, narrowing or contraction of the 
involved bone is seen [29]. Diaphyseal changes without epi- 
physeal abnormality (Fig. 4) are extremely unusual but may 
be observed, particularly in the tibia [30, 31]. Furthermore, in 
the tibia, the proximal extent of disease may be located not 
in the epiphysis but in the anterior tibial tubercle (Fig. 5) [32]. 

Monostotic involvement of the spine, as was evident in six 
of the nine patients reported by Groh [7], is not difficult to 
diagnose when typical radiographic features, including the 
picture-frame vertebral body, are observed (Fig. 6). Groh’s 
description of a second pattern of vertebral involvement, in 
which more generalized abnormality leads to an ivory verte- 
bral body, is an important observation that may alert the 
modern radiologist that Paget disease of the spine can sim- 
ulate lymphoma or skeletal metastases. Further, as illustrated 
in Groh’s article, collapse of an affected vertebral body may 
complicate accurate diagnosis unless pagetic changes in the 
remaining portions of the vertebra are identified. 
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Fig. 3.—Osteolytic phase: tubular bone. Ra- 
diolucent wedge in diaphysis is well-defined. 

Fig. 4.—Diaphyseal involvement of radius. In- tibial tuberosity. 
volvement of this segment of bone without epi- 
physeal involvement is distinctly unusual. 


a 
an ) 





Natural History and Effect of Therapy 


The primary event in Paget disease is intense focal bone 
resorption that is followed by disorderly bone formation, al- 
though the coupling of bone resorption and formation in this 
disease shows considerable variation from one patient to 
another and, indeed, from one involved skeletal region to 
another or from one period of time to another in a single 
individual [33]. The resulting aberrations in normal bone re- 
modeling may lead to variable radiographic appearances, 
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Fig. 5.—Involvement of the anterior tibial tubercle. 
A, Lateral radiograph reveals osteolytic focus of Paget disease extending shaftward from region of 


B, Transaxial CT confirms the intracortical location of process. 
(Courtesy of H. Rodriguez, Santa Barbara, CA.) 


Fig. 6.—Picture-frame vertebral 


body in Paget disease. 

A and B, Radiograph (A) and photo- 
graph (B) of a macerated vertebral 
body show condensation of trabeculae 
at periphery of vertebral body that is 
characteristic of disease process. 


depending on the relative contributions of osseous resorption 
and apposition within the periosteal and endosteal cortical 
envelopes [34]. An increased or decreased external bone 
contour and a narrowed or enlarged marrow cavity may be 
observed, in sharp contrast to the bone expansion that was 
long regarded as a universal feature of the disease. 

Paget disease generally is considered a relentlessly pro- 
gressive disorder resulting in the conversion of normal unin- 
volved bone to abnormal bone, and, ultimately, in involvement 
of the entire bone. This concept was supported by Groh [7], 
who indicated the variability in the rate of disease progression. 
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Numerous investigations have confirmed that variation exists 
in the rate of conversion of normal to pagetic bone, although, 
in opposition to Groh’s belief that rapid progression might be 
encountered, most studies have documented a slow, gradual 
extension of disease. The rate of progression in Paget disease 
generally has been estimated to be between 7 and 16 mm 
per year [10, 33, 35, 36]. This relatively slow rate of conver- 
sion of normal to diseased bone, combined with the three- 
dimensional nature of the process, accounts for the common 
reporting of “unchanged” disease extent on serial radiographs 
and also explains, in part, the popularity of scintigraphy as an 
effective method of monitoring the extent (and activity) of the 
disease. 

The absence of any reference to the treatment of Paget 
disease in Groh’s report is understandable, because effective 
therapeutic agents in this disease have been available only 
since the 1950s. One such agent is calcitonin, a potent 
inhibitor of bone resorption, which can lead to relief of pain 


Fig. 7.—Scintigraphic assessment 
of osseous response to treatment. 

A-C, Bone scans obtained 1 year 
apart show (A) initial intense accumu- 
lation of the radionuclide in tibia with 
partial resolution (B and C) over 2-year 
period during treatment with thyrocal- 
citonin. Residual activity in C corre- 
sponded in position to sites of insuffi- 
ciency fractures. 


Fig. 8.—Sarcomatous transforma- 
tion of Paget disease in innominate 
bone. 

A and B, Radiograph (A) and CT 
scan (B) show osteolytic lesion in pa- 
getic ilium with large soft-tissue mass. 
(Courtesy of P. Kaplan, Omaha, NE.) 
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for patients with Paget disease within weeks of its adminis- 
tration and to a reduction in serum levels of alkaline phospha- 
tase and urinary levels of hydroxyproline. Although the rate 
of extension of the disease in pagetic patients being treated 
with calcitonin has been reported to be unchanged when 
compared with that rate in untreated patients [33], radio- 
graphic improvement in the appearance of the pagetic bone 
during such treatment has been recognized by numerous 
investigators; such improvement is evident in both cortical 
and trabecular bone, especially during the osteolytic phases 
of the disease [37-40]. After the therapy is stopped, a period 
of rapid bone resorption, even greater than that typical of 
untreated Paget disease, has been observed [37]. 

A second agent used in the therapy of Paget disease is 
disodium etidronate (EHDP), a diphosphonate. Diphosoho- 
nates inhibit bone resorption and mineralization by binding to 
the hydroxyapatite crystals and inhibiting their growth and 
dissolution [2]. Although, again, an unchanged rate of pro- 





254 RESNICK 





gression of Paget disease during EHDP therapy has been 
observed in some patients [33], in most patients with the 
disease, such therapy results in a decrease in skeletal pain, 
a reduction in serum alkaline phosphatase and urinary hy- 
droxyproline levels, and (based on evaluation of material 
derived from bone biopsies) a conversion of pagetic bone to 
a more normal tissue [41-45]. However, a number of reports 
have indicated an increased frequency of fractures in patients 
with Paget disease who have been treated with EHDP [46, 
47], acomplication that may relate to drug dosage and to the 
occurrence of osteomalacia [47, 48]. Other diphosphonates 
have been suggested as therapeutic alternatives to EHDP 
[49] and one, 3-amino-1-hydroxypropilidene-1, 1-diphospho- 
nate (ADP), has been reported to significantly decrease the 
rate of disease progression [33]. 

Mithramycin is an antibiotic with cytotoxic activity that has 
been used successfully in the treatment of Paget disease, 
leading to a decrease in bone pain and an improvement in 
laboratory parameters of disease activity [2]. Assessment of 
the skeletal disease by radiographic and scintigraphic tech- 
niques during therapy also has indicated a return to a more 
normal situation [50], although radiologic change is less fre- 
quent and dramatic after the use of mithramycin than after 
calcitonin treatment. Owing to its significant toxicity, mithra- 
mycin administration is best reserved for cases of Paget 
disease that are resistant to other forms of treatment [51]. 
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Fig. 9.—Osteoarthritis of hip in Pa- 
get disease. Joint space narrowing in- 
volving superior and axial portions of 
hip is evident. Pagetic changes are ob- 
served in ilium. 


Fig. 10.—Fractures in Paget dis- 
ease. Numerous insufficiency fractures 
are evident in lateral cortex of femur, 
and one extends medially, partially 
across bone. (Courtesy of G. Green- 
way, Dallas, TX.) 


Although radiographic improvement may be observed in 
the appearance of skeletal involvement in Paget disease 
during treatment with any of the aforementioned therapeutic 
agents, the changes usually are subtle and dependent on the 
stage of the disease at the time of the treatment; also, these 
changes include a conversion of osteolytic lesions to osteo- 
sclerotic ones, consolidation of the layered new bone, reap- 
pearance of a cortex of uniform density, restoration of corti- 
comedullary differentiation, widening of the medullary canal, 
thinning of the cortex, a reduction in the external volume of 
the bone, and a return to normal osseous shape [2]. In 
monitoring the response of pagetic bone to any of these 
therapeutic agents, scintigraphy can show a distinct decrease 
in radionuclide accumulation in diseased areas as a marker 
of a beneficial therapeutic response (Fig. 7) [52, 53]. On 
scintigraphy, recurrence of the disease is typically accom- 
panied by a rise in activity in one or more bones or by spread 
of disease into an adjacent normal bone. When these changes 
are present, they precede biochemical indicators of recurrent 
disease. 


Complications 
... As he was riding and suddenly raised his 
arm the bone broke near the shoulder . . . and 
| amputated the arm at the shoulder joint. 
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In three out of the five well-marked cases that 
| have seen or read-of cancer appeared late in 
life . .. suggesting careful inquiry. 


Sir James Paget (1877) [8] 


The musculoskeletal complications of Paget disease in- 
clude osseous deformities, fractures, neoplasms, soft-tissue 
masses, osteomyelitis, extramedullary hematopoiesis, crystal 
deposition (monosodium urate, hydroxyapatite and, possibly, 
calcium pyrophosphate dihydrate), neurologic abnormalities, 
and degenerative joint disease. Of these, Groh [7] provided 
examples of deformity of the tibia (leading to anterior bowing 
of the bone) and innominate bone (producing acetabular 
protrusion and joint-space diminution in the hip) and com- 
mented on nerve-root compression related to vertebral in- 
volvement. Spinal stenosis as a complication of Paget disease 
of the vertebral column has been confirmed subsequently in 
a number of investigations, especially those in which CT has 
been used to evaluate the extent of bone involvement [54- 
57]. Compression of the spinal cord can be due to expansion 
of bone from the pagetic process, collapse with hemorrhage, 
deformity, vascular compromise, or neoplastic degeneration; 
additional neurologic dysfunction in Paget disease may be 
related to changes in the base of the skull. Cauda equina 
compression in this disease has also been attributed to ossi- 
fication of extradural fat [58], and the sciatic nerve may be 
compressed either in external rotation between an enlarged 
ischium and lesser trochanter of the femur or in internal 
rotation between the ilium and piriformis [59]. 

Neoplastic involvement in Paget disease includes sarcom- 
atous degeneration, giant cell tumor, and superimposition of 
another tumorous condition, such as metastatic disease, 
plasma cell myeloma, and lymphoma. Of these, sarcomatous 
transformation was first recognized by Paget in some of his 
original five patients. Its reported frequency has varied: In 
patients with widespread skeletal involvement, sarcomatous 
degeneration may occur in as many as 5-10%; with less 
extensive skeletal disease, this complication may be apparent 
in fewer than 1% of patients [60]. At present, it is generally 
believed that approximately 1% of patients with Paget disease 
develop malignant changes [2, 61, 62], although higher rates, 
on the order of 5%, are still suggested [63]. Sarcomatous 
degeneration usually is observed in patients who are 55-80 
years old; it is slightly more common in men than in women, 
associated with pain and swelling, typically unifocal, and most 
commonly evident in the femur, innominate bone (Fig. 8), and 
humerus. Also, sarcomatous degeneration is apparent in 
areas of pagetic involvement. Although sarcomas in Paget 
disease vary widely in their cellularity and cytologic details, 
they appear to arise from the substratum of fibrous tissue in 
the pagetic bone. Predominance of certain cells most com- 
monly leads to a diagnosis of osteosarcoma (50-60%) or 
fibrosarcoma (20-25%), although diagnoses such as chon- 
drosarcoma (10%) and, rarely, sarcoma of myeloid and mes- 
enchymal elements may be entertained. Osteolysis is the 
dominant radiographic characteristic of the sarcoma. 

Giant cell tumors in Paget disease are almost always con- 
fined to the skull or the facial bones, with rare involvement of 
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other skeletal sites [64, 65]. Patients with this neoplasm are 
generally elderly and have polyostotic Paget disease. Met- 
astatic disease and Paget disease also may coexist [66], 
although the precise relationship between the two conditions 
is not clear. 

Of the articular complications of Paget disease, osteoar- 
thritis—especially in the hip (Fig. 9) and knee—is best known 
[67-69]. The precise pathogenesis of the joint changes has 
been debated, although some investigators have supported 
the concept that a disturbance in endochondral ossification is 
important [70]. Hypervascularity and rapid turnover in pagetic 
subchondral bone may lead to accelerated endochondral 
bone formation, which occurs at the expense of the articular 
cartilage. Superimposed on this interference with dynamics 
at the chondroosseous junction are mechanical abnormalities 
in and around the articulation. 

Finally, insufficiency (stress) fractures and acute complete 
fractures may complicate Paget disease [71, 72]. Tnese are 
most commonly observed in the bones of the lower extremity, 
particularly the femur (Fig. 10) and the tibia. As the risk of 
sarcoma is substantial in cases of complete fracture in Paget 
disease, biopsy is recommended whenever such a fracture 
develops [2]. 
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Perspective 





Pretreatment with Corticosteroids to Prevent Reactions to 
IV Contrast Material: Overview and Implications 


Elliott C. Lasser’ 


A recent report [1] describing the protection against con- 
trast material reactions produced by corticosteroid pretreat- 
ment brings into focus a number of issues of interest to 
radiologists. In a blinded, randomized study carried out in 
several different institutions, a Comparison was made be- 
tween a two-dose regimen of oral corticosteroids (32 mg of 
methylprednisolone—Medrol, Upjohn, Kalamazoo, MI) given 
approximately 12 hr and 2 hr before administration of contrast 
material, a single-dose regimen of corticosteroids (32 mg) 
given approximately 2 hr before contrast administration, and 
corresponding placebo regimens. It was reported that corti- 
costeroids given 12-24 hr before IV ionic contrast administra- 
tion can provide protection against systemic ionic contrast 
material toxicity such that the frequency of reactions requiring 
immediate therapy is not greater than that reported for indi- 
viduals receiving nonionic contrast media without pretreat- 
ment. The single-dose regimen and the placebo did not afford 
this protection. 

Three points deserve special emphasis concerning corti- 
costeroid protection: (1) The protection, as gauged by the 
decrease in reaction rates of pretreated patients in compari- 
son with those of control subjects, ranged from 23% to 86% 
(Table 1), depending on the category of reactions under 
evaluation and the presence or absence of risk factors (de- 
fined as a history of a previous reaction and/or a history of 
any kind of allergy). Patients in the low-risk group uniquely 
failed to gain any protection in a category of reactions domi- 
nated by urticaria but did gain protection in all other categories 
(Table 1). Complete protection against reactions to contrast 
material was not accomplished, nor has complete protection 


ever been reported with any pretreatment. (2) Corticosteroids 
administered in a single dose approximately 2 hr before 
contrast administration provided no protection. (3) When com- 
parisons were made in “patients necessitating some form of 
immediate therapy in the judgment of the attendant ohysi- 
cian,” the two-dose corticosteroid regimen given 12 and 2 hr 
before ionic contrast administration appeared to lower the 
reaction rate to that reported in a large group of patients 
receiving nonionic media without pretreatment [2]. 

In designing the study, the investigators originally intended 
to compare the protective effects of corticosteroids adminis- 
tered over 2-3 days (to correspond with empirical practice) 
with a regimen of both corticosteroids and antihistamines, 
and with a regimen of antihistamines alone. In recruiting 
institutional participation, it soon became apparent that prac- 
tical logistic considerations would limit the number and dura- 
tion of tested regimens. Attention was thus focused on those 
regimens that were thought most likely to produce clear-cut 
information. The fact that the two-dose regimen provided 
protection in all but one of the 15 reaction categories exam- 
ined (Table 1) does not mean that this is an optimal regimen 
or that additional protection might not be gained by the 
inclusion of antihistamines and/or beta-adrenergic agonists. 
However, corticosteroids given in a logistically feasible dose 
schedule can be safely administered to patients receiving IV 
ionic contrast media with the expectation that the number of 
reactions of sufficient severity to necessitate therapy will not 
differ appreciably from that occurring in patients receiving IV 
nonionic contrast media. 

All of the above, of course, has no bearing on the indications 
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TABLE 1: Difference in Reaction Rates Between Patients 
Treated with Two Doses of Medrol’ and Patients Treated with 
Either One Dose of Medrol or a Placebo 





Percentage Difference? 


Reaction Category“ All Low-Risk High-Risk 
Patients Patients’ Patients® 
All reactions 131 |29 |37 
Grade | reactions 133 143 }31 
Grade II reactions 123 11 145 
Grade III reactions |62 186 134 
Reactions requiring therapy 142 135 137 





Note.—All data in this table are from Lasser et al. [1]. 

a Medrol is produced by Upjohn, Kalamazoo, MI. 

P | indicates that the reaction rate was lower by this percentage in two-dose 
patients; f indicates that the reaction rate was higher in two-dose patients. 

© “All reactions” refers to the total number of reactions in all categories 
(including grades |-lil). Grade | reactions are characterized by a single episode 
of emesis, nausea, sneezing, and vertigo; grade II reactions include hives, 
emesis occurring more than one time, and fever or chills (or both); grade III 
reactions include clinical “shock,” bronchospasm, laryngospasm or edema, loss 
of consciousness, convulsions, a fall in blood pressure, an increase in blood 
pressure, cardiac arrhythmia, angina, angioedema, or pulmonary edema. “Re- 
actions requiring therapy” were those reactions that necessitated some form 
of immediate treatment in the judgment of the attendant radiologist. 

*Low-risk patients had neither a history of adverse reaction to contrast 
material nor any history of allergy. 

e High-risk patients include those with a previous adverse reaction to con- 
trast material and/or a history of allergy of any kind. 


for using low-osmolar contrast media in specific arterial injec- 
tions. Here, pain and the chemotoxic (rather than the sys- 
temic) effects of the various contrast media become para- 
mount considerations. As of this writing, | am unaware of any 
data pertaining to the effects of corticosteroids in these 
situations. 

Does all of this suggest that all adult patients (only adults 
have been studied) receiving ionic contrast media might ben- 
efit from corticosteroid pretreatment? Should radiologists 
consider using corticosteroid pretreatment on a routine basis? 
Clearly, this is an issue that each radiologist or institution 
must decide individually. According to the data in the multiin- 
stitutional study [1], corticosteroids would decrease the fre- 
quency of reactions of all kinds by at least 20%. Is this a 
reasonable trade-off for whatever logistic problems and ad- 
ditional expense may arise when corticosteroids are given 
some hours before contrast administration? What is the min- 
imum advance time necessary to achieve protection? Al- 
though the multiinstitutional study compared corticosteroid 
administration 12 and 2 hr before contrast administration with 
corticosteroid administration 2 hr before contrast administra- 
tion, is it feasible that a single dose administered at least 6 hr 
before contrast administration would provide protection? 

One can only guess at these answers. My own opinion, 
based on the pertinent literature [3-7], is that it might be 
possible to gain protection with only one injection of cortico- 
steroids given several hours (e.g., 6 hr) before contrast ad- 
ministration. For radiologists who wish to consider the option 
of universal pretreatment, a potential logistic strategy might 
be as follows: (1) For high-risk patients, use a three-dose, 
3-day pretreatment regimen whenever time permits (32 mg 
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of oral methylprednisolone or the equivalent given daily, the 
last dose 2 hr before contrast administration). (2) For all other 
patients, when logistics permit, use a two-dose, 2-day pre- 
treatment regimen (32 mg approximately 12 hr before con- 
trast administration and then 32 mg 2 hr before the proce- 
dure). (3) For patients in whom prolonged pretreatment is 
impossible use a single pretreatment 6 hr before the proce- 
dure when logistics permit. (4) When no advance pretreatment 
regimen is logistically feasible and an emergency diagnostic 
procedure is required, high-risk patients can be immediately 
pretreated with other drugs (i.e., antihistamines and/or beta- 
adrenergic agonists [8, 9]), and/or one of the low-osmolar 
contrast media can be used. No corticosteroids are used in 
this circumstance. Patients not identifiable as high risk can be 
injected with either a low-osmolar or a high-osmolar contrast 
agent. 

What are the adverse effects, if any, of corticosteroids 
alone, and what are the contraindications to their use? In the 
multiinstitutional study, no effects could be identified in the 
4272 patients receiving corticosteroids that differed from 
those occurring in the 2491 patients receiving placebos. A 
number of mild and nonspecific reactions occurred equally in 
both groups. These included vertigo, nausea, emesis, and 
rash [1]. To our knowledge, there are no other reports of a 
series of patients receiving corticosteroids in this low dosage. 
There are a number of reports of patients experiencing ana- 
phylactic reactions to injections of hydrocortisone, but reac- 
tions to oral corticosteroids have only rarely been reported 
[10-12]. 

Patients might be considered for exclusion from cortico- 
steroid pretreatment in several circumstances. Prudence 
might dictate that patients with active tuberculosis, systemic 
fungal infections, or a history of peptic ulcer or diverticulitis 
within the past year should be excluded from routine pretreat- 
ment. Although there are no data to indicate that corticoste- 
roids in the low dosage suggested for routine pretreatment 
would created problems, there are no data to the contrary. If 
these individuals have risk factors for systemic contrast re- 
actions, consideration can be given to the use of antihista- 
mines, beta-adrenergic agonists, and/or low-osmolar contrast 
media. 

Finally, several experimental and clinical reports [13-15] 
indicate that corticosteroids can diminish the intensity of the 
extravascular accumulation of technetium-99m compounds 
and of contrast media, and thus might diminish the sensitivity 
of these compounds in imaging bone and brain under certain 
circumstances (e.g., tumors, abscesses, trauma). Whether 
sufficient diagnostic compromise will occur within the corti- 
costeroid pretreatment regimens suggested, however, re- 
mains to be established. 


REFERENCES 


1. Lasser EC, Berry CC, Talner LB, et al. Pretreatment with corticosteroids 
to alleviate reactions to intravenous contrast material. N Eng/ J Med 
1987;317 :845-849 

2. Schrott KM, Behrends B, Clauss W, Kaurman J, Lehnert J. lohexol in der 
Ausscheidungsurographie: Ergebnisse des Drug-monitoring. Fortschr Med 
1986;104: 153-156 

3. Ellul-Micallef R, Fenech FF. Intravenous prednisolone in chronic bronchial 


AJR:150, February 1988 


asthma. Thorax 1975;30:312-315 

. Talbot S, Atkins PC, Zweiman B. In vivo effects of corticosteroids on 
human allergic responses. |. Effects of systemic administrations of steroids. 
Ann Allergy 1987 ;58:363-365 

. Littenberg B, Gluck EH. A controlled trial of methylprednisolone in the 
emergency treatment of acute asthma. N Engl J Med 1986:314: 150-152 
. Schleimer RP, MacGlashan DW Jr, Gillespie E, Lichtenstein LM. Inhibition 
of basophil histamine release by anti-inflammatory steroids. Il. Studies on 
the mechanism of action. J Immunol 1982;129: 1631-1636 

. Morris HG. Mechanisms of action and therapeutic role of corticosteroids 
in asthma. J Allergy Clin Immunol 1985;75:1-13 

. Greenberger PA, Patterson R, Tapio CM. Prophylaxis against repeated 
radiocontrast media reactions in 857 cases: adverse experience with 
cimetidine and safety of §-adrenergic antagonists. Arch Intern Med 
1985;145:2197-2200 

. Zweiman B, Mishkin MM, Hildreth EA. An approach to the performance of 
contrast studies in contrast material-reactive persons. Ann Intern Med 


PREVENTING REACTIONS TO CONTRAST MATERIAL 


10. 
11. 
Te. 


19: 


14. 


15. 


259 


1975;83: 159-162 

Chan CS, Brown IG, Oliver WA, Zimmerman PV. Hydrocortisone-induced 
anaphylaxis. Med J Aust 1984;141:444-446 

Krunis NG. Untoward reactions to corticosteroids: intolerance to hydrocor- 
tisone. Ann Allergy 1976;36:203-206 

Mendelson LN, Meltzer EO, Hamburger RN. Anaphylaxis-like reactions to 
corticosteroid therapy. J Allergy Clin Immunol 1974;54: 125-131 

Crocker EF, Zimmerman RA, Phelps ME, Kuhl DE. The effect of steroids 
on the extravascular distribution of radiographic contrast material and 
technetium pertechnetate in brain tumors as determined by computed 
tomography. Radiology 1976;119:471-474 

Scott SM, Manaster BJ, Alazraki N, Wooten WW, Murphy K. Technetium- 
99m imaging of bone trauma: reduced sensitivity caused by hydrocortisone 
in rabbits. AJR 1987;148:1175-1178 

Enzmann DR, Britt RH, Placone RC Jr, Obana W, Lyons B, Yeager AS. 
The effect of short-term corticosteroid treatment on the CT appearance of 
experimental brain abscesses. Radiology 1982:145:79-84 


260 





Chest Imaging Update 


American Roentgen Ray Society 88th Annual Meeting, Friday Symposium 


May 13, 1988, San Francisco Hilton and Tower, San Francisco, CA 


Computed Tomography 
8:00 a.m. 
8:10 a.m. 
8:35 a.m. 
9:00 a.m. 


Interventional Radiography 
9:25 a.m. 


9:45 a.m. 


10:05 a.m. 


Digital Imaging 
10:25 a.m. 
10:35 a.m. 
10:55 a.m. 


Magnetic Resonance Imaging 


11:15 a.m. 
11:25 a.m. 
11:50 a.m. 


Moderator: Stewart Sagel 

Overview (Sage/) 

Focal lung disease (Zerhouni) 
Diffuse lung disease (Muller) 

Staging of bronchogenic carcinoma 
(Pugatch) 


Intrathoracic drainage procedures 
(Westcott) 

Percutaneous biopsy of central le- 
sions (Weisbrod) 

Coffee break 


Moderator: Carl Ravin 
Overview (Ravin) 

Digital angiography (Barth) 
Digital radiography (MacMahon) 


Moderator: Gordon Gamsu 
Overview (Gamsu) 

Intrathoracic vascular lesions (Webb) 
Applications of MRI of the thorax 
(McLoud) 


261 


Perspective 


Lung Cancer: Update on Staging Classifications 


Paul J. Friedman’ 


The staging of bronchogenic carcinoma is an important 
step in the selection of appropriate treatment [1]. Formal 
staging follows the TNM system, adopted by the International 
Union Against Cancer and first published in 1974 in the AJR 
[2]. The classification for lung cancer [3] has been improved 
recently, as reported by Mountain in 1986 [4] (Table 1). Few 
articles in the radiologic literature to date have made use of 
the new classification, so this review is intended for radiolog- 
ical clinicians and investigators. 

The American Thoracic Society (ATS) improvements on the 
American Joint Committee (AJC) lymph node classification 
were reported by Tisi et al. [5] and first applied in a clinical 
study by Friedman et al. [6]. Since then, several workers have 
used the original ATS classification, citing its advantages for 
precise description of nodal involvement [7-9]. The changes 
in the TNM classification and studies on other node groups 
in the thorax [10] have required additions to the ATS system, 
which will be presented here (Table 2). 

The stage is determined by (1) the size and location of the 
primary tumor; (2) the presence of regional (hilar) or medias- 
tinal lymph node involvement; (3) invasion of the pleura, chest 
wall, or mediastinum; or (4) metastatic spread outside the 
thorax (Table 1). Staging is the joint responsibility of surgeons, 
endoscopists, pathologists, and radiologists. The current role 
of imaging in lung cancer staging is vital and well summarized 
in the literature [11-15]. Mediastinoscopy plays a pivotal role 
in detecting or confirming mediastinal metastasis, but descrip- 
tion of the method and its results is beyond the scope of this 
review [1, 12]. 


Received September 11, 1987; accepted after revision October 27, 1987. 


Subsequent management of lung cancer is based on sev- 
eral factors in addition to stage; these include the tumor 
histology; the growth of node metastases through the node 
capsule; the presence of malignant cells in pleural effusion; 
and the age, condition, and attitude of the patient. The stage 
of the tumor most directly correlates with resectability; this 
refers to the technical possibility of removing all malignant 
tissue with one surgical procedure. The operability of a tumor 
is also affected by the stage and by the other factors listed. 
Evaluation of operability is based on a judgment about 
whether survival will be significantly improved after surgery 
(modified by the expected perioperative morbidity and mor- 
tality) as compared with survival with conservative treatment. 
This is different from another common usage of operability, 
in which it means the general or cardiorespiratory capacity of 
the patient to withstand surgery. 

The new staging scheme [4] is oriented toward eligibility of 
patients for surgical or other therapy. There is now a distinc- 
tion between local invasion (T3) and nonresectable spread 
(T4); similarly, spread to lymph nodes that can be removed 
(N2) is distinguished from those that cannot be removed 
surgically (N3). The supraclavicular and scalene nodes have 
been changed from distant metastases to N3 nodes because 
they are accessible to regional (radiation) therapy. Stage Illa 
denotes patients with a poor prognosis but technicaly re- 
sectable local invasion. Stage Illb covers patients with non- 
resectable spread in the thorax. Stage IV patients require 
systemic therapy for distant spread [3]. 
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TABLE 1: The New AJC Classification of Lung Cancer 
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Stage Description 
TNM CLASSIFICATION 
Primary tumor (T) 

Tumor proved by the presence of malignant cells in bronchopulmonary secretions but not visual- 
ized by radiography or bronchoscopy, or any tumor that cannot be assessed as in a retreatment 
staging 

TO No evidence of primary tumor 

TIS Carcinoma in Situ 

T1 A tumor that is 3 cm or less in greatest diameter, surrounded by lung or visceral pleura and 
without evidence of invasion proximal to a lobar bronchus at bronchoscopy (except for superfi- 
cial endobronchial tumors, which may extend proximal to the main bronchus and still be called 
T1) 

T2 A tumor that is more than 3 cm in greatest diameter, or a tumor of any size that either invades the 


visceral pleura or has associated atelectasis or obstructive pneumonitis extending to the hilar 
region. At bronchoscopy, the proximal extent of demonstrable tumor must be within a lobar 
bronchus or at least 2 cm distal to the carina. Any associated atelectasis or obstructive pneumo- 
nitis must involve less than an entire lung. 

T3 A tumor of any size with direct extension into the chest wall (including superior sulcus tumors), 
diaphragm, or the mediastinal pleura or pericardium without involving the heart, great vessels, 
trachea, esosphagus, or vertebral body; or a tumor in the main bronchus within 2 cm of the 
carina without involving the carina 

T4 A tumor of any size with invasion of the mediastinum involving heart, great vessels, trachea, 
esophagus, vertebral body, or carina; or presence of malignant pleural effusion (cytologically 


positive) 
Nodal involvement (N) 
NO No demonstrable metastasis to regional lymph nodes 
N1 Metastasis to lymph nodes in the peribronchial region, the ipsilateral hilar region, or both, including 
direct extension 
N2 Metastasis to ipsilateral mediastinal lymph nodes and subcarinal lymph nodes 
N3 Metastasis to contralateral mediastinal or hilar lymph nodes, ipsilateral or contralateral scalene, or 


supraclavicular nodes 
Distant metastasis (M) 


MO No (known) distant metastasis 
M1 Distant metastasis present—specify site(s) 
STAGE GROUPING 


Occult carcinoma TX NO MO 


An occult carcinoma with bronchopulmonary secretions containing malignant cells but without 


other evidence of the primary tumor or evidence of metastasis 


A tumor that can be classified T1 or T2 without any nodal or distant metastasis 
A tumor classified as T1 or T2 with metastasis to the lymph nodes in the peribronchial region and/ 


A tumor more extensive than T2 but without invasion of a vital structure, or any tumor up to T3 
with metastasis to ipsilateral mediastinal or subcarinal lymph nodes 


A tumor with invasion of vital mediastinal structures or metastasis to nonresectable nodes, but 


Stage 0 TIS NO MO Carcinoma in situ 
Stage | T1 NO MO 

T2 NO MO 
Stage Il T1 N1 MO 

T2 N1 MO or ipsilateral hilar region only 
Stage Illa T3 NO MO 

T3 N1 MO 

T1-3 N2 MO 
Stage Illb Any T N3 ve 

T4 Any N MO without spread beyond the thorax 
Stage IV Any T Any N M1 


A tumor with metastatic spread beyond the thorax and its regional lymph nodes (i.e., beyond 


scalene or supraclavicular nodes) 





Note. — Classifications and descriptions from Mountain et al. [4]. AJC = American Joint Committee; TNM = tumor-nodal involvement-metastasis. 


Lymph Node Classification 


The ATS Committee on Lung Cancer considered the idea 
that the original TNM staging system classified lymph nodes 
too superficially to provide valid data on the efficacy of differ- 
ent treatments [5]. The categories were NO (no nodal metas- 
tasis), N1 (hilar or regional node involvement), and N2 (me- 
diastinal metastasis). The new classification added N3 to 
provide the useful distinction between resectable and nonre- 
sectable mediastinal nodes, but it did not help separate “hilar” 
from “mediastinal” nodes. The anatomic definition of the hilum 
of the lung is a plane through the junction of the lung root 
and mediastinum, which is not at all the working definition of 


the hilum that radiologists or surgeons use. The hilar nodes 
are described as intrapulmonary, outside the mediastinal 
pleura [2, 3], but the surgeon may find this an elusive definition 
because the position of a particular node with respect to the 
mediastinal pleura depends on how forcefully the lung is 
retracted. 

The solution was to relate nodes to fixed anatomic struc- 
tures or boundaries, such as the bronchi, aortic arch, or 
azygos vein, and to avoid use of the term “hilar.” In deciding 
the stage in the TNM system with the help of the ATS 
classification of node regions, a compromise must be made 
to decide whether 10R and 10L nodes are N1 or N2 (there is 
no problem if the tumor is contralateral; they are then clearly 
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TABLE 2: Classification of Lymph Node Locations 
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Description 


EEE Le 


Region Name 
1(R &L) Supraclavicular 
2(R &L) Upper paratracheal 
4(R &L) Lower paratracheal 
5 Aortopulmonary 
6 Anterior 
7 Subcarinal 
8 (R & L) Paraesophageal 
10R Tracheobronchial 
10L Peribronchial 
11 (R & L) Intrapulmonary 
14 (R & L) Diaphragmatic 


* American Thoracic Society Classification [5], revised by author. 


N3). Since there are no region-specific data on survival after 
surgery, which is one of the long-range goals of the ATS 
classification, the decision is somewhat arbitrary. In view of 
the differences in ease of direct examination and resection of 
the node region, adjacent bronchus, and next proximal node 
region (4R and 4L) on the two sides, | recommend that 10R 
nodes be classified as N1 (hilar) and 10L nodes as N2 
(mediastinal). 

Since the ATS publication, the importance of considering 
superior diaphragmatic nodes in lung cancer has been shown 
[10]. Accordingly, new numbers have been assigned to these 
regions (14R and 14L), beyond the numbers previously as- 
signed by the AJC, and they are classified as mediastinal. A 
small simplification in the paraesophageal and pulmonary 
ligament node regions has been suggested for the benefit of 
radiologists: Since these cannot be distinguished by imaging 
(in the absence of pneumothorax), regions 8 and 9 should be 
combined as region 8. A change prompted by the new TNM 





Supraclavicular or scalene nodes (N3) 

Nodes to the right or left of the midline of the trachea 
above the level of the aortic arch (N2 if ipsilateral 
to tumor) 

Nodes to the right or left of the midline of the trachea 
from the level of the aortic arch to the top of the 
azygos vein (R) or the level of the carina (L) (N2 if 
ipsilateral to tumor) 

Nodes on the left side of the mediastinum: in the 
aortopulmonic window lateral to the ligamentum 
arteriosum, lateral to the aortic arch, or lateral to 
the pulmonary artery as far as the first left upper 
lobe branch (N2 for left-sided tumor) 

Nodes anterior to the ascending aorta or the brachi- 
ocephalic, left subclavian, and left common carotid 
arteries (N2 if clearly ipsilateral, otherwise N3) 

Nodes caudal to the tracheal carina, but originating 
within 2 cm (to exclude nodes in regions 8-9 or 
11) (always N2) 

Nodes adjacent to the esophagus, right or left of the 
midline of the esophagus, below region 7 (at least 
3 cm below the level of the carina) plus nodes in 
the right or left pulmonary ligament (included in 
region 8 because of radiologic inability to distin- 
guish) (N2 if ipsilateral to tumor) 

Nodes to the right side of the midline of the trachea 
from the level of the top of the azygos vein and 
along the right main bronchus as far as the right 
upper lobe branch (N1 if ipsilateral, N3 if contralat- 
eral to tumor; see text for reason) 

Nodes to the left side of the midline of trachea and 
along the left main bronchus from the carina to the 
left upper lobe branch (N2 if ipsilateral to tumor) 

Nodes along right or left lobar or segmental bronchi, 
distal to regions 7 and 10 (N1 if ipsilateral, N3 if 
contralateral) 

Nodes adjacent to the diaphragm at the cardio- 
phrenic angle (anterior) or near the phrenic nerve 
(middle); include posterior diaphragmatic nodes in 
region 8 (N2 if ipsilateral to tumor) 


classification [4] is inclusion of the scalene and supraclavicular 
lymph nodes as regions 1R and 1L. These are no longer 
classified as extrathoracic metastases (M1), but as N3 nodes, 
hence they now must be listed as separate node regions 
(Table 2). 


Management 


Most radiologists and many thoracic surgeons [16] believe 
that negative results on CT or MR can reliably eliminate the 
need for mediastinoscopic biopsy. If mediastinoscopy is not 
a locally accepted preoperative routine, however, then little is 
gained by a negative CT scan: The patient would not be 
“spared” an unnecessary mediastinoscopy, because medias- 
tinoscopy would not have been done. If, however, the scan 
shows enlarged nodes (N2 or N3) or frank mediastinal inva- 
sion (T3 or T4) [17], then a directed biopsy can be performed, 
which may avoid attempted surgery of an inoperable or 
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nonresectable lesion. Enlarged nodes cannot be assumed to 
be the site of metastases and therefore be used to preclude 
surgery without biopsy. 

The low frequency of mediastinal metastasis with radio- 
graphic T1 NO lesions implies that CT would not be cost- 
effective in such patients. Our experience and that of others 
[6, 18] suggests that CT may still be useful for 3-cm lesions. 
We recommend 2 cm as the maximum size of a peripheral 
primary tumor that can be taken directly to thoracotomy, 
without CT or mediastinoscopy. 

Is detection of hilar metastases of value? N1 metastases 
clearly affect prognosis and, therefore, operability, but in the 
absence of any satisfactory nonsurgical therapy, spread to 
the hilum does not preclude definitive resection. Therefore, 
the emphasis for radiologists should be on detection of me- 
diastinal (N2—-N3) nodal involvement; plain film evidence of 
insilateral hilar enlargement (N1) should be followed by more 
careful presurgical evaluation of the mediastinum, rather than 
by hilar tomography or biopsy. 

Ideally, an institution will have locally accepted and con- 
sistent criteria for surgery. Staging by noninvasive sizing of 
lymph nodes is an expensive exercise unless clinical manage- 
ment is responsive to diagnostic findings. Application of the 
improved TNM and ATS staging systems will allow more 
uniform description of cases among institutions and increase 
the possibility of developing clinical records that will be useful 
in evaluating different modes of therapy. The CT studies to 
date add up to hundreds of cases with mediastinal metas- 
tases, but surgical management in response to the diagnostic 
information has been variable, so that the efficacy of careful 
staging in terms of outcomes for patients will not be known 
for years. 


Summary 


The AJC for Cancer Staging has improved the TNM system 
for lung cancer by breaking up the large category of advanced 
disease into several groups with different treatment implica- 
tions. Radiologists should be familiar with this system so that 
they can direct the imaging part of the workup efficiently. The 
ATS classification of regional lymph nodes [5] also has been 
updated both to take into account the growing recognition of 
superior diaphragmatic nodes in lung cancer [10] and to 
change the supraclavicular lymph nodes from distant metas- 
tases to thoracic nodes (in keeping with the revised TNM 
system [2]). Use of this classification helps radiologists record 
accurately which nodes are involved and also prompts the 
film reader to examine all parts of the mediastinum carefully 
and systematically. The use of CT for staging lung cancer is 
well established, but its appropriate use and limitations should 
be recognized [11-16]. The usefulness of MR in special cases 
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is now well described [17, 19, 20], but the hoped-for tissue 
specificity for tumor has not been realized. Imaging tech- 
niques have a primary role in screening for spread of disease, 
but confirmation by tissue biopsy is a required step in correct 
management. 
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Small-Cell Bronchogenic 
Carcinoma: CT Evaluation 





CT examinations in 37 patients with proved small-cell bronchogenic carcinoma studied 
before treatment were reviewed. The distribution of lymphadenopathy in the mediastinal 
compartments designated by the American Thoracic Society was assessed. The fre- 
quency of lymph node enlargement was right hilum (43%), left hilum (49%), one or both 
hila (84%), right upper paratracheal (32%), right lower paratracheal (54%), right trache- 
obronchial (65%), left upper paratracheal (14%), left lower paratracheal (38%), left 
peribronchial (35%), paraesophageal (14%), anterior mediastinum (24%), and subcarinal 
(65%). We also assessed the frequency of additional findings including pleural effusion 
(38%), pericardial thickening (38%), displacement or narrowing of either the tracheo- 
bronchial tree (68%) or major vessels (68%), and hepatic masses (24%). Mediastinal 
involvement was present in 92% of cases, as compared with 13% reported in a large 
series based on conventional radiography. 

These data show the spectrum of intrathoracic CT findings in proved, untreated cases 
of small-cell bronchogenic carcinoma. 


Numerous articles have been written about the importance and accuracy of CT 
in evaluating non-small-cell bronchogenic carcinoma [1]. However, previous im- 
aging evaluations of patients with small-cell carcinoma are problematic for several 
reasons. First, the largest series antedate CT and thus are limited in their accuracy 
in evaluating the hilum and mediastinum [2, 3]. Second, the more recent papers 
that discuss CT evaluation use differing classifications of hilar/mediastinal ade- 
nopathy and therefore are difficult to compare [4-9]. Finally, reevaluation of the 
role of radiotherapy and surgery in the treatment of small-cell carcinoma demands 
a degree of detail that is not provided in most of these recent studies [9-12]. 

We reviewed CT examinations of the thorax in 37 patients with recently diag- 
nosed small-cell carcinoma. We classified hilar/mediastinal adenopathy according 
to the staging system of the American Thoracic Society (ATS) for non-small-cell 
lung cancer and, in this paper, present the spectrum of our intrathoracic findings. 


Materials and Methods 


Thirty-seven patients with biopsy-proved small-cell bronchogenic carcinoma (including 
small-cell undifferentiated and oat-cell carcinoma) were evaluated with thoracic CT between 
1983 and 1986. All cases were untreated at the time of CT examination. The 37 patients 
included 21 men and 16 women, ranging in age from 52 to 81 years (average, 67 years). The 
interval between diagnosis and CT examination ranged from 0 to 44 days (average, 10.6 
days). 

Thirty-six examinations were conducted with a Picker 1200SX (Picker International, High- 
land Heights, OH) or a GE CT/T 9800 scanner (General Electric Systems, Milwaukee, WI). 
One was performed at another institution on a Technicare Delta 2060 scanner (Technicare, 
Cleveland, OH). All but one of the examinations were begun with bolus IV administration of 
100-150 ml meglamine diatrizoate (Angiovist 28%). Rapid scanning extended first from the 
most caudal part of the hila to the apices for optimal differentiation of hilar vessels from lymph 
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nodes and then from below the hila through the lung bases at 1-cm 
intervals. In all but three cases, examination continued into the upper 
abdomen to include the adrenal glands. Hard copies of the CT scans 
were obtained at both mediastinal and lung settings. 


All CT examinations were reviewed for the following findings: (1) , 


lymphadenopathy (defined as having a short-axis size of >1 cm in 
the hilum/mediastinum [13] and of =6 mm in the superior diaphrag- 
matic and retrocrural areas [14]); (2) displacement or narrowing of 
either the tracheobronchial tree or major vessels; (3) major (e.g., at 
least lobar) atelectasis; (4) parenchymal masses not contiguous with 
hilar/mediastinal mass; (5) pleural effusion; (6) pericardial thickening 
(defined as >1-2 mm except anterior to the right ventricle, where 3- 
to 4-mm thickness may be normal [15]); (7) hepatic metastases (areas 
of low attenuation that did not appear to be cysts in portions of liver 
included in the study); and (8) adrenal enlargement (thickness >1 
cm). 

Location of enlarged lymph nodes was by stations defined by the 
ATS [16]. The frequency of lymphadenopathy in each station, the 
most common combination of stations involved, and the frequency 
of other intrathoracic findings were calculated. 

Although all patients had biopsy-proved small-cell carcinoma, his- 
tologic confirmation was not available for all enlarged lymph nodes 
(or other abnormalities) in each patient. It is therefore possible that, 
for example, lymph nodes enlarged by reactive hyperplasia were 
interpreted as neoplastic. 


Results 


The distribution of lymph node enlargement is presented in 
Table 1. Only three patients presented without hilar or me- 
diastinal adenopathy; two had isolated pulmonary nodules 
and one had a pleura-based mass. Thirty-four patients (92%) 
presented with mediastinal or mediastinal and hilar lymphade- 
nopathy. Mediastinal adenopathy was present in all of these 
cases, but was the only site of lymphadenopathy in three 
(8%). One or both hila were involved in 31 patients (84%), but 
in no case was hilar adenopathy present without mediastinal 
involvement. Unilateral adenopathy (involving just one side of 
the hilum/mediastinum) was present in only five (15%). In 34 
patients with hilar/mediastinal adenopathy, the average num- 
ber of stations (12 total) involved was 5.2 and ranged from 
two to 11. The stations most commonly involved were sub- 
carinal (station 7) and right tracheobronchial (station 10R) with 


TABLE 1: Distribution of Lymph Node Enlargement in 37 
Patients with Proved Small-Cell Bronchogenic Carcinoma 








(e) 
Station Location p i ie M 
2R Right upper paratracheal nodes 32 
2L Left upper paratracheal nodes 14 
4R Right lower paratracheal nodes 54 
4L Left lower paratracheal nodes 38 
5 Aortopulmonary nodes 51 
6 Anterior mediastinal nodes 24 
7 Subcarinal nodes 65 
8 Paraesophageal nodes 14 
10R Right tracheobronchial nodes 65 
10L Left peribronchial nodes 35 
TIR Right hilar nodes 43 
TiL Left hilar nodes 49 
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24 cases (65%) each. Those least commonly involved were 
the left upper paratracheal (station 2L) and paraesophageal 
(station 8) with five patients (14%) each. 

Table 2 lists the frequency of other intrathoracic findings. 
Displacement or narrowing of the tracheobronchial tree (68%) 
or major vessels (68%) were the most common of these 
findings; collateral vasculature in association with narrowing 
of major vessels suggesting the presence of superior vena 
cava syndrome was seen in three cases. The frequency of 
pleural effusion and pulmonary nodules is noted in the table, 
but with the exception of the three cases in which peripheral 
masses were the sole significant finding, there was no path- 
ologic proof that these represented metastases; no additional 
biopsies were performed on these lesions since the diagnosis 
had been established. Table 2 also lists the frequencies of 
adrenal and hepatic abnormalities since our routine exami- 
nation for bronchogenic carcinoma includes the upper abdo- 
men through the level of both adrenal glands. However, these 
findings were not confirmed histologically. 


Discussion 


Different staging systems for small-cell carcinoma have 
been proposed [9-12, 17]. The American Joint Commission 
Tumor-Nodal Involvement-Metastasis (TNM) [18] staging 
system is widely used to stage non-small-cell lung cancer. 
However, TNM staging for small-cell carcinoma fell into dis- 
favor as the prognosis of these patients, who usually were 
treated by chemotherapy with or without radiotherapy, did 
not show a close relationship to the TNM stage [9-12]. The 
two-stage system adopted by the Veterans Administration 
Lung Cancer Study Group (VAL) [19] was then widely 


TABLE 2: Frequency of Extramediastinal/Hilar Findings on CT 
in 37 Patients with Proved Small-Cell Bronchogenic Carcinoma 











No. of 
CT Findings Patients 
(%) 
Displacement/narrowing of tracheobronchial tree 25 (68) 
Displacement/narrowing of major vessels 25 (68) 
With collateral vessels 3 (8) 
Major atelectasis 11 (30) 
Noncontiguous parenchymal mass 15 (41) 
Single 8 (22) 
Multiple 7 (19) 
Pleural effusions 
Right and/or left 14 (38) 
Right 9 (24) 
Left 7 (19) 
Unilateral 12 (32) 
Bilateral 2 (5) 
Pericardial thickening 14 (38) 
Adrenal enlargement 
Right and/or left 3 (9)? 
Right 2 (6) 
Left 2 (6) 
Hepatic masses 9 (26)° 
Retrocrural adenopathy 2 (5) 


Superior diaphragmatic nodes 
T e E 


è Upper abdomen was not included on CT examination of three patients. 
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adopted [10]. This system divides patients into two groups, 
those with limited disease and those with extensive disease. 
Limited disease indicates tumor confined to one hemithorax 
and regional lymphatics that could be included in a radiother- 
apy portal. Extensive disease indicates a more widespread 
process [11, 20]. This system divides patients with small-cell 
Carcinoma into two groups with different treatment options 
(limited disease may be considered for radiotherapy), re- 
sponse rates, and survival times [11, 21, 22]. 

In recent years there has been a trend toward intensive 
chemotherapy regimens, aggressive treatment combining 
chemotherapy and radiotherapy, and a reevaluation of the 
role of surgery [9, 12, 21]. Several reports have suggested 
that subsets of patients with extensive disease (according to 
the VAL classification) may respond to treatment as well as 
patients with limited disease do [10-12]. These factors have 
underlined the need for a more detailed system of evaluation 
than the VAL two-stage system provides [9-12]. 

The American Joint Committee for Cancer Staging and End 
Results Reporting has recommended that the TNM classifi- 
cation now be used to describe the extent of disease in small- 
cell cancer [17]. However, in 1981, the American Thoracic 
Society suggested a modified form of the TNM staging system 
for lung cancer [16]. The ATS system has the following 
advantages: (1) It provides specific anatomic definitions for 
each nodal station. This facilitates the correlation of studies 
performed at different centers using the ATS system. (2) The 
anatomic boundaries of the nodal stations are structures 
easily identified on CT scans. (3) It allows easy correlation of 
these nodal stations with anatomic structures defined at 
mediastinoscopy [16]. Glazer et al. [3] have shown that CT 
can be used with this system to map normal mediastinal 
lymph node groups. Friedman et al. [23] used this system to 
evaluate 45 patients with bronchogenic carcinoma, two of 
whom had small-cell carcinoma. 

Review of the radiologic literature describing intrathoracic 
small-cell carcinoma reveals several major limitations. The 
first applies to all studies employing conventional radiographs 
that generally antedated CT. Conventional radiologic evalua- 
tion of the mediastinum is inaccurate [2], and therefore the 
results are of no value. For example, a compilation of results 
from several such studies in a current, prominent oncology 
text [22] reports that mediastinal adenopathy was present in 
only 14% of 252 cases. A similar compilation in Fraser and 
Pare’s textbook on chest radiology [24] described the pres- 
ence of mediastinal mass or widening in 13% of 114 cases. 
This compares with our findings, based on CT, of mediastinal 
adenopathy in 92% of our 37 cases. 

The second limitation applies to techniques used in several 
studies based on CT [4, 5, 7]. The use of a second-generation 
scanner with a prolonged (20-sec) scan time [4] or the lack 
of routine administration of IV contrast material to evaluate 
the hilum and mediastinum [5, 7] limit the reliability of such 
examinations. 

The final limitation applies to studies performed both with 
[4-9] and without [18, 24] CT. The lack of a standardized 
reporting system for hilar/mediastinal findings or even of 
anatomic definition of nodal stations prevents comparison of 
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these studies. Perhaps the work most comparable to ours is 
that of Whitley et al. [7] who examined 33 patients with CT 
before treatment. Nodal involvement was reported in terms 
of (1) hilum alone (4/33 = 12%) and (2) mediastinum alone 
(25/33 = 76%) without further anatomic definition. In our 
series, no patient had hilar adenopathy without mediastinal 
adenopathy, and only 14% (5/37) had mediastinal adenopathy 
without hilar adenopathy. 

Comparison between this and previous studies can be 
made for findings outside the mediastinum and hilum. The 
frequency of pleural effusions (38% vs 40%), pericardial thick- 
ening (38% vs 37%), and tracheobronchial compression (68% 
vs 73%) was remarkably similar in our series and that of 
Whitley et al. [7]. It is unclear why the frequency of pleural 
effusion was so much lower in the series of Lewis et al. [5] 
(0/19) and those compiled by Fraser and Pare [24] (5.3% = 
6/114). Lewis et al. [5] found no cases of pericardial thick- 
ening, but their criteria for determining the presence of such 
thickening is not stated. 

The frequency of major (lobar/lung) atelectasis in our series 
was 30%. This is slightly higher than the figure of 22% for 
lobar or lung atelectasis/pneumonia in 368 cases studied by 
Mountain [12]. 

We found noncontiguous parenchymal masses in 41% of 
our patients. This is a higher frequency than the 19% found 
in 392 patients studied by Cohen and Mathews [25] with 
conventional techniques. 

The ATS system is clearly applicable to the CT examination 
of patients with small-cell carcinoma. It is helpful to radiolo- 
gists because it clearly defines the boundaries of named 
lymph node stations, to surgeons because the reports are in 
a form that is consistent with their view at mediastinoscopy, 
to pulmonologists/oncologists because it provides a precise 
definition of the extent of disease, and to all those involved 
because it suggests a uniform reporting system that allows 
series from different institutions to be adequately compared. 

The further development of aggressive treatment for small- 
cell carcinoma with the use of chemotherapy, radiotherapy, 
and surgery significantly depends on radiologic input to clearly 
and definitively outline the precise extent of disease for both 
therapeutic and prognostic considerations. Thoracic CT in 
conjunction with the ATS staging system should be of great 
value. 
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Asbestos-Related Pleural Disease 
and Asbestosis: A Comparison of CT 
and Chest Radiography 





High-resolution CT (HRCT) has the ability to demonstrate both asbestos-related 
pleural disease and parenchymal abnormalities consistent with asbestosis. The role of 
CT in the diagnosis of asbestosis can be defined by comparing it with radiography. We 
evaluated 60 men who had a history of occupational exposure to asbestos and whose 
outside chest radiographs were considered abnormal. Chest radiographs (inside films) 
and HRCT were performed in all patients at our institution and were interpreted inde- 
pendently by experienced radiologists. Outside film results were compiled from the 
submitted reports. The final conclusion regarding the interpretation of the radiologic 
examinations was determined by consensus when disagreements existed. Positive 
predictive values (the likelihood that a positive report is correct) for pleural disease 
were: outside films 56%, inside films 79%, HRCT 100%. The positive predictive values 
for parenchymal disease were: outside films 51%, inside films 83%, HRCT 100%. 

The addition of HRCT to chest radiography is most useful in eliminating false-positive 
diagnoses of asbestos-related pleural disease caused by subpleural fat and false- 
positive diagnoses of parenchymal asbestosis in patients with extensive plaques or 
emphysema obscuring lung detail. The interpretation of chest radiographs in patients 
exposed to asbestos is often extremely difficult and subjective, and we recommend that 
positive findings (except calcified plaques) be confirmed with HRCT. 


The ability of CT to reliably differentiate subpleural fat from asbestos-related 
pleural disease is well known [1, 2]. Two recent studies have documented the 
characteristic HRCT findings in parenchymal asbestosis [3, 4]. The exact role of 
HRCT vs chest radiography in the clinical evaluation of patients exposed to 
asbestos has not been extensively assessed. We report the results of a prospective 
Study of the relative efficacy of chest radiography and HRCT in evaluating patients 
with suspected asbestos-related disease. 


Materials and Methods 


Sixty men (average age, 58 years) suspected of having an occupational lung disease made 
up the study group. Fifty-five patients were referred because of a history of occupational 
asbestos exposure of at least 1-year duration and outside chest films interpreted as showing 
asbestos-related pleural disease with or without parenchymal asbestosis. The remaining five 
all had a similar history of occupational asbestos exposure and were referred because of 
outside films showing pleural disease and suspected mesothelioma (two), interstitial lung 
disease with a history of either exposure to chlorine gas (one) or occupational asthma (one), 
and interstitial lung disease with suspected lung cancer (one). 

Chest films were obtained at our institution (inside films) in all cases and consisted of 
posteroanterior, lateral, and oblique views in 50 patients and posteroanterior and lateral views 
in the remaining 10. 

HRCT was performed in all patients with either a Siemens DR3 or a GE 9800. With the 
Siemens, a 2-mm scan thickness was used at 30-mm intervals from apex to left atrium, 
followed by 12-mm intervals to the diaphragm; other parameters were a 7-sec scan time, 
720 projections, and a strong edge-enhancement algorithm. With the GE, a 1.5-mm scan 
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thickness was used with a 2-sec scan time, 360 projections, and a 
bone algorithm. The initial 40 patients were scanned supine with 
prone repositioning when the lower lungs were partially obscured by 
gravity-dependent density. The last 20 were scanned in the prone 
position only, since it became apparent that the latter technique 
always significantly improved posterior lower lung detail because of 
less respiratory motion and anterior shift of dependent density. 

Outside film results were compiled from the reports submitted with 
the films. None of the outside interpreters were B-readers (physicians 
certified by the National Institute of Occupational Safety and Health 
as expert in the interpretation of chest radiographs of patients ex- 
posed to dusts); 75% were pulmonary physicians, and 25% were 
either radiologists or occupational medicine physicians. Outside films 
were interpreted as showing asbestos-related pleural disease in 57 
patients and as positive for interstitial fibrosis (asbestosis) in 38 
patients. Inside films were all blindly interpreted and were scored 
(according to International Labour Office criteria) by an experienced 
chest radiologist B-reader. The CT scans were all blindly interpreted 
by one of the authors who was experienced in chest CT. All cases 
with disagreements between outside film, inside film, and/or HRCT 
interpretations were resolved by consensus of the aforementioned 
radiologists assisted by a pulmonary physician B-reader, and a final 
radiologic diagnosis was reached. HRCT was not considered infallible 
in this process (avoiding artificial designation of HRCT as the gold 
standard), since all radiologic data were evaluated side by side as in 
routine clinical consultation. Agreement as to the likely radiologic 
diagnosis and the cause for the diagnostic errors was reached in all 
but one case (inside films were subtly positive for interstitial disease, 
while the HRCT was normal). The final radiologic diagnosis was the 
same as the diagnoses made with outside film, inside film, and HRCT 
when there was agreement, but when there was disagreement, it 
was the consensus diagnosis. 

Inside films were considered positive for interstitial disease when 
they scored 1/1 or higher. Similarly, we considered our HRCT findings 
to be positive only when they were judged unequivocally to be 
abnormal. There is evidence that 1/0 is found too often on the 
radiographs of patients who have not been exposed to asbestos 
(especially smokers) to be a useful discriminator [5, 6]. The profusion 
score is less important in this clinical context than is the qualitative 
judgment as to whether interstitial disease compatible with asbestosis 
is present [6]. 

Interstitial disease was diagnosed on HRCT when one or more of 
the following were present: nondependent lines or dense bands not 
representing vessels extending to the pleural surface (usually, but 
not always, in the region of a plaque); subpleural curvilinear densities 
and/or honeycombing, most prominent in the posterior lower lobes 
[3, 4, 7-11]. These findings are most often found in the posterior 
lower lobes and correspond to the distribution of abnormalities at 
pathologic examination [12]. The lines and dense bands extending 
to the pleural surface most likely represent fibrotic, thickened inter- 
lobular septa [4, 12]. The subpleural curvilinear densities seem to 
represent peribronchiolar fibrosis and alveolar collapse with fibrosis 
[3]. They are characteristic of parenchymal asbestosis but may be 
seen in other interstitial diseases. 

Alterations in normal density gradients, inhomogeneity of density, 
and parenchymal distortion were considered nonspecific since they 
are present in patients with chronic obstructive pulmonary disease 
[13]. Questionable findings (corresponding to 1/0 or 0/1) were con- 
sidered negative. 

Unfortunately, no pathologic confirmation of diagnosis was ob- 
tained in this series, but the above radiologic criteria have been 
established by previous pathologic correlation [3, 7-10). HRCT find- 
ings described in usual interstitial pneumonia (fibrosing alveolitis) can 
be transposed to parenchymal asbestosis because the chief patho- 
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logic distinction between the former and the latter is the histologic 
demonstration of asbestos bodies and/or fibers in the latter [3, 12, 
14]. 

The final diagnosis of asbestos-related pleural disease was pri- 
marily based on the final radiologic diagnosis. The final diagnosis of 
parenchymal asbestosis was based on the following criteria: (1) 
evidence of occupational exposure to asbestos based on the patient's 
work history and/or the presence of radiologic pleural disease; (2) 
bilateral late inspiratory or paninspiratory basal crepitations; (3) rele- 
vant lung function abnormalities; (4) bilateral basal interstitial fibrosis 
as the final radiologic diagnosis; and (5) rigorous exclusion of simu- 
lative disease and its causes. If at least numbers 1, 4, and 5 were 
present, a diagnosis of parenchymal asbestosis was reached. In the 
absence of 4, a combination of 1, 2, 3, and 5 were considered 
sufficient [6, 14-16]. Note that the diagnosis of parenchymal asbes- 
tosis almost always depends primarily on a radiologic appearance 
compatible with interstitial fibrosis, and measurable impairment of 
lung function or physical disability need not be present [6, 14]. 

Radiologic studies were considered true or false positive or true 
or false negative for pleural disease and parenchymal disease sepa- 
rately. This assignment was based on agreement or disagreement of 
the blinded interpretation with the final diagnoses, which were all 
“clinical” since there was no pathologic material. 


Results 


Thirteen patients (22%) had a final diagnosis of asbestos- 
related pleural disease without parenchymal involvement, and 
two patients (3%) had a final diagnosis of parenchymal as- 
bestosis without pleural disease. Nineteen patients (32%) had 
a final diagnosis of both asbestos-related pleural disease and 
parenchymal asbestosis. Six of the 21 patients with paren- 
chymal asbestosis had restrictive pulmonary functions (four 
of the six had crepitations); five of 21 had obstructive changes 
only; and in 10 patients pulmonary function tests were normal. 
Of the 15 patients with parenchymal asbestosis and no re- 
strictive pulmonary functions, eight had crepitations. The 
remaining seven had both inside film and HRCT diagnoses of 
interstitial fibrosis. Twenty-four patients (40%) had no evi- 
dence of asbestos-related pleural disease or interstitial lung 
disease, and two patients (3%) had other interstitial lung 
diseases (sarcoid and coal-worker’s pneumoconiosis). Thirty- 
one of the 52 patients with a history of cigarette smoking had 
clinical evidence of obstructive airways disease. 

Inside films were interpreted as showing asbestos-related 
pleural disease in 38 patients (16 had calcified pleural plaques, 
all true positive) and as showing parenchymal asbestosis in 
23 patients. Four patients who were thought to have paren- 
chymal asbestosis on inside films had a profusion score higher 
than 1/1. One of these was false positive. 

HRCT showed asbestos-related pleural disease in 31 pa- 
tients (18 with calcification) and parenchymal asbestosis in 
21 patients. 

All 17 false-positive outside film diagnoses of pleural dis- 
ease for which both inside films and HRCT had true-negative 
diagnoses were caused by subpleural fat. The eight false- 
positive diagnoses of asbestos-related pleural disease on 
both outside and inside films were caused by subpleural fat 
in seven and intercostal muscle in one (Fig. 1). The 14 false- 
positive outside film diagnoses of parenchymal asbestosis for 
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Fig. 1.—Pleural thickening noted on outside and inside films proved to be 
subpleural fat on high-resolution CT. 

A, Bilateral slightly asymmetric “pleural thickening” (arrows). 

B, Oblique film shows region of maximal “plaque” thickness (arrow). 

C and D, High-resolution CT at level of maximal “pleural thickening” 
shows bilateral asymmetric subpleural fat deposits (arrows). Subpleural fat 
has same radiolucency as subcutaneous fat. Pleural thickening would have 
same density as muscle. 





which both inside films and HRCT were true-negative were 
caused by prominent vessels, obscuration of the lung by 
plaques en face, chronic obstructive pulmonary disease, bron- 
chiectasis, or scarring from surgery or old tuberculosis. The 
four false-positive diagnoses of parenchymal asbestosis on 
both outside and inside films were caused by walls of bullae 
(emphysema) in two (Fig. 2) and focal parenchymal scarring, 
possibly from previous infection, in two. 

There were no false-positive HRCT findings for either 
pleural or parenchymal disease (in all cases in which HRCT 
was positive and inside films negative, the chest radiologist 
agreed that the HRCT was correct). 

In only two cases did HRCT depict parenchymal asbestosis 
not suspected on either outside or inside films. The findings 
were subtle linear densities adjacent to plaques (Fig. 3). There 
were two false-negative inside films for pleural disease caused 
by subtle diaphragmatic plaques (Fig. 4) and one false-nega- 
tive HRCT scan due to a solitary calcified plaque that was 


missed because it was in between the slices. There was one 
case in which outside and inside films were positive for 
parenchymal asbestosis and HRCT was negative, and con- 
sensus could not be reached. 

Additional diagnoses made on HRCT that were not made 
on either outside or inside films were emphysema in seven 
patients, bronchiectasis in two patients, and benign effusion 
in one patient thought to have mesothelioma on the basis of 
outside films. The results including sensitivity, specificity, 
accuracy, and positive and negative predictive values [17] are 
summarized in Table 1. Because positive outside films were 
required for entry into the study, the positive predictive values 
are the most significant parameter, and a percentage t-test 
of significance was applied to them. The differences between 
outside and inside films, outside films and HRCT, and inside 
films and HRCT for both pleural and parenchymal disease 
were significant with p < .05, p < .01, and p < .025, respec- 
tively. 
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A more confident diagnosis was frequently possible on 
HRCT as compared with inside films, even when all three 
studies were tabulated as being in agreement. This was 
especially true in cases with prominent subpleural fat, non- 
specific increased parenchymal markings, or extensive 
plaques obscuring the lungs. The confidence factor was 
difficult to quantitate. 


Discussion 


The specificity of outside films was low, indicating that 
normal subjects would not be properly identified; the positive 
predictive values of outside films indicated that a positive 
diagnosis of pleural or parenchymal disease would be correct 
in only approximately 50% of patients. Needless anxiety is 
apt to be created if a patient exposed to asbestos has his or 
her radiographs interpreted by an inexperienced reader. Be- 
cause of selection bias, we cannot establish the true fre- 
quency of false-negative diagnoses on outside film interpre- 
tation, and outside film sensitivity may be artificially high. 
Similarly, outside film specificity for pleural disease is artificially 
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Fig. 2.—Misdiagnosis of asbestosis on outside and inside films caused by emphysema (right side 
only shown; abnormalities were bilateral). 

A, Increased lung markings. 

B and C, Supine high-resolution CT shows extensive parenchymal destruction and bullae anteriorly 
(B). Parenchymal destruction at posterior bases was continuous with cephalad bullae. Posterior 
bases are somewhat obscured by gravity-dependent density (B and C). 

D and E, Prone high-resolution CT at nearly corresponding levels shows bullae and extensive 
parenchymal destruction consistent with emphysema and no interstitial disease. A detailed work 
history revealed no definite asbestos exposure and 40 pack-years of cigarette smoking. 


low because only a few of the final diagnoses were negative. 

Chest radiographs interpreted by an expert in evaluating 
asbestos-related disease (inside films) have high sensitivity, 
specificity, and negative predictive value. It therefore appears 
that most normal subjects can be correctly identified at rela- 
tively low cost and that most existing lesions will be detected. 
However, a comparison of outside and inside films and HRCT 
in a group of exposed patients with negative outside films 
would best assess negative predictive value, sensitivity, and 
the screening value of HRCT. Since the positive predictive 
value for both pleural and parenchymal disease is about 80%, 
confirmation by HRCT of any abnormalities other than calci- 
fied plaques seen on radiographs is recommended. Our re- 
sults indicate that HRCT will be especially useful in eliminating 
false-positive diagnoses of noncalcified plaques caused by 
subpleural fat and prominent intercostal muscles and false- 
positive diagnoses of parenchymal disease in patients with 
emphysema or extensive plaques obscuring parenchymal 
detail. HRCT is not needed merely to confirm the presence of 
calcified pleural plaques. HRCT is marginally more sensitive 
than inside films for both pleural and parenchymal disease 
and does not create additional false-positive findings. 
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Fig. 3.—Parenchymal asbestosis diagnosed by high-resolution CT and 
missed on inside films with demonstration of the usefulness of prone posi- 
tioning. Right side only is shown on high-resolution CT; findings on left were 
similar. 

A, Extensive plaques en face obscure underlying parenchyma. 

B, Supine high-resolution CT shows posterior lung base obscured by 
gravity-dependent density. 

C, Prone high-resolution CT at same level shows increased lines and 
bands (arrows) especially next to plaques. 

D, Corresponding mediastinal windows allow better delineation of calci- 
fied plaques. 





Fig. 4.—Subtle diaphragmatic plaques 
missed on inside films (A) but visible on high- 
resolution CT (arrows on B). 
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TABLE 1: Statistical Evaluation of Outside Films, Inside Films, 
and HRCT for Diagnosis of Asbestos-Related Disease 
SS H St ee ee 2 E ee |: 


Type of TP FP TN EN % % % % % 











Study Sens. Spec. Acc. PPV NPV 
Pleural Disease 

OSF 32 25 3 0 100 11 58 56 100 
ISF 30 8 20 2 94 71 83 79 91 


HRCT 31 0O 28 1 97 100 98 100 97 
Parenchymal Disease 





OSF" 19 18 20 2 90 53 66 51 91 
ISF" 19 4 34 2 90 89 90 83 94 
HRCT” 21 0 38 O 100 100 100 100 100 


Note.—TP = true positive; FP = false positive; TN = true negative; FN = 
false negative; Sens. = sensitivity = 100 x TP/(TP + FN); Spec. = specificity 
= 100 x TN/(TN + FP); Acc. = accuracy = 100 x (TP + TN)/(TP + TN + FP 
+ FN); PPV = positive predictive value = 100 x TP/(TP + FP); NPV = negative 
predictive value = 100 x TN/(TN + FN); OSF = outside films; ISF = inside 
films; HRCT = high-resolution CT. See Gelfand and Ott [17] for statistical 
methods. 

° [1 indeterminate (+)]. 

° [1 indeterminate (—)]. 
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In terms of the patient's management, because there is no 
effective treatment for asbestos-related pleural disease or 
asbestosis, the ability of HRCT to pick up subtle disease is 
not important, except perhaps for purposes of compensation 
for the worker. More widespread use of HRCT for determining 
compensation should decrease the frequency of unjust com- 
pensation due to false-positive interpretations of radiographs. 

since cigarette smoking is prevalent in this population, the 
ability of HRCT to differentiate between emphysema, bron- 
chiectasis, and interstitial disease, as well as to delineate their 
relative extent when they coexist, is often useful [8, 13, 18]. 
HRCT may be even more useful when it is performed in a 
nonblinded fashion and targeted to radiographically question- 
able regions. 

Finally, HRCT frequently gives the radiologist increased 
confidence in the final diagnosis, especially in patients with 
prominent subpleural fat, nonspecific increased parenchymal 
markings, or extensive plaques obscuring the underlying 
lungs (Fig. 5). 


Fig. 5.—Subtle parenchymal asbestosis seen with greater confidence and extent on high- 
resolution CT than on inside films. 

A, Obvious plaques on inside films. Left lower lobe interstitial disease was suspected. 

B and C, Periplaque subpleural curvilinear density (arrows) diagnostic of interstitial lung disease. 
Plaques (arrows) are seen better on mediastinal windows (B), whereas parenchymal disease is seen 
better on lung windows (C). 

D and E, Additional (more subtle) interstitial changes adjacent to plaques (arrows). 
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art 


Gastrointestinal 
Inflammation After Bone 


Marrow Transplantation: 
Graft-Versus-Host Disease or 


Opportunistic Infection? 





Gastrointestinal inflammation after allogeneic bone marrow transplantation may be 
due to acute graft-versus-host disease (GVHD) and/or superinfection with opportunistic 
organisms. Twenty-eight patients with barium studies suggesting gastrointestinal in- 
flammation after bone marrow transplantation and either acute GVHD, viral infection, or 
both were studied to characterize the radiographic appearances of each disease and 
to determine whether acute GVHD could be distinguished from viral superinfection on 
the basis of radiographic findings. Thirteen patients had minimal or no acute GVHD, with 
viral infection proved in eight and strongly suspected in four others; the remaining 
patient was thought to have nonspecific inflammatory bowel disease. Five patients had 
pure acute GVHD, and 10 patients had viral enteritis superimposed on acute GVHD. 
Radiographic abnormalities were found in the gastrointestinal tract in both acute GVHD 
and viral infection and were more extensive than previously reported. Findings were 
similar in both entities, although gastric abnormalities were not seen in pure acute GVHD 
but only in viral infection, either alone or together with acute GVHD. Prolonged small 
bowel barium coating occurred in both viral infection and acute GVHD. Fold thickening 
evolved into fold effacement with a shaggy contour in two patients with viral infection. 
Colonic findings in all groups mimicked ulcerative colitis. 

Our data indicate that differentiation between acute GVHD and viral enteritis is not 
possible on the basis of radiographic findings alone. Both entities should be considered 
when gastrointestinal inflammation occurs after bone marrow transplantation. 


Bone marrow transplantation is being performed increasingly for the treatment 
of leukemia, lymphoma, aplastic anemia, and some metabolic disorders of the 
hemopoietic system. A significant complication after transplantation is acute graft- 
versus-host disease (GVHD), which occurs in 50-70% of allogeneic transplants, 
with a fatal outcome in up to 15% [1-6]. The gastrointestinal tract is one of the 
major target organs in acute GVHD, with severe mucosal inflammation and profuse 
secretory diarrhea [7-11]. Usually, gastrointestinal tract involvement parallels that 
in the skin and can be graded by rectal biopsy [11]; isolated acute GVHD of the 
bowel is rare [7-10]. Previous reports of the radiographic appearances of gastroin- 
testinal acute GVHD have stressed smal! bowel involvement with fold thickening 
or effacement and a characteristic featureless or “ribbon” bowel [12-15]. 

These severely immunocompromised patients are also at risk for superinfection 
with opportunistic organisms; for example, infection with enteroviruses such as 
coxsackie A, adenovirus, or rotavirus can result in rapid clinical deterioration and 
high mortality [16-23]. We recently encountered five bone marrow transplant 
patients with enteric vira! infection and no evidence of acute GVHD who had 
abnormalities on barium contrast studies that were indistinguishable from those 
previously reported in acute GVHD. The barium studies in these five patients and 
in 23 other consecutive bone marrow transplant patients with abnormal barium 
studies suggesting acute GVHD, viral enteritis, or both were analyzed to compare 
the findings in viral superinfection with those of acute GVHD. 
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Subjects and Methods 


Between November 1977 and July 1985, 43 barium contrast 
studies of the gastrointestinal tract were performed in 28 patients 
who had received a bone marrow transplant; in all patients the findings 
suggested inflammation. There were 16 women and 12 men, with an 
age range of 3-36 years (median, 17.5 years). Reasons for trans- 
plantation included acute myeloid leukemia, 11 patients; acute lym- 
phoblastic leukemia, six; aplastic anemia, five; chronic myeloid leu- 
kemia, three; and multiple myeloma, acute myelofibrosis, and meta- 
chromatic leukodystrophy, one patient each. 

Of the 43 contrast studies, there were 41 upper gastrointestinal 
series with small bowel follow-through and two barium enema ex- 
aminations. Assessment of the colon was possible in 27 of 41 
antegrade studies. In general, because of the extreme debility of the 
patients, air contrast studies were not performed. 

The clinical grade of acute GVHD at the time of the contrast studies 
was determined by established criteria [24]. Acute GVHD was judged 
as absent or minimal if the clinical grade was 0 or | and severe if the 
Clinical grade was II or more. 

Viral infection was considered confirmed if either an enzyme-linked 
immunosorbent assay (ELISA) was positive for virus [25] or if vacu- 
olations were present in small bowel or colonic epithelial cells in 
biopsy or autopsy materials [26]. ELISAs for the detection of rotavi- 
rus, adenovirus, coxsackie A and B viruses (multiple serotypes), and 
Clostridium difficile toxin are currently in use at our institution. 

Each barium study was analyzed, and the type and distribution of 
the abnormalities were noted. The radiographs were then reanalyzed 
to compare the type of radiographic abnormality and the location and 
extent of disease in acute GVHD, viral infection, and a combination 
of both entities. There were three groups of patients: in group 1, 
there were eight patients with proved enteric virus infection and four 
patients who were Clinically thought to have viral infection, none of 
whom had significant acute GVHD (maximum clinical grade 0 or l); in 
group 2, there were five patients with acute GVHD and no evidence 
of superinfection; in group 3, there were 10 patients with both acute 
GVHD and virus infection. A final patient had nonspecific inflammatory 
bowel disease with no features to suggest either acute GVHD or 
enteric viral infection. 


Results 


Thirteen patients had abnormal studies with minimal or no 
Clinical evidence of acute GVHD. Of these, eight had proved 
viral infection; in four others, viral infection was strongly 
suspected on clinical grounds; one patient had nonspecific 
inflammatory bowel disease. Five patients had moderate-to- 
severe acute GVHD, and 10 patients had both acute GVHD 
and viral infection. 

None of the patients had radiographic abnormalities in the 
esophagus. 

Gastric abnormalities were present in seven patients and 
included dilatation, atony with delayed emptying, and retained 
secretions in six (Figs. 1 and 2), antral deformity in four (Fig. 
3), and an unusual coating pattern in five (Fig. 1). In five of 
the seven patients there was little or no clinical evidence of 
acute GVHD, and six of the seven were positive for virus: 
two for adenovirus (one with cytomegalovirus); two for 
coxsackie virus; and one for rotavirus; one patient had vacu- 
olations on biopsy, consistent with viral infection. 

Duodenal abnormalities were present in 17 patients. The 
entire duodenum was involved in almost all, either with thick- 
ening or effacement of mucosal folds or with normal folds 
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replaced by a tubular or shaggy contour (Figs. 2 and 4). Five 
of the 17 had viral infection without acute GVHD; four patients 
without acute GVHD were thought on clinical grounds to have 
viral enteritis; two had acute GVHD and no evidence of virus; 
and six had both acute GVHD and viral infection. In five 
patients, the virus involved was coxsackie (in combination 
with adenovirus in one); in four, adenovirus (in combination 
with rotavirus in one); in one, atypical rotavirus; and in one, 
virus unidentified with vacuolated cells at autopsy. 

Small intestinal abnormalities were found in all 28 patients 
and were diffuse in 24; the jejunum was spared in four. 
Findings included marked fold enlargement, luminal narrowing 
and separation of loops, or complete effacement of folds (the 
ribbon bowel) (Figs. 1, 2, 4-6). In two patients with viral 
infection, fold thickening evolved to a shaggy, featureless 
appearance with fold effacement on repeat examination 19 
and 30 days later, respectively (Fig. 5). In some patients, the 
ribbon-bowel appearance seemed to be related to luminal 
distension, and loops of bowel with thickened folds on early 
radiographs became ribbonlike with more distension. Small 
bowel transit time was rapid (less than 30 min) in 27 of the 
28 patients. 

Prolonged mucosal coating was seen in the small bowel in 
four patients and persisted for more than 24 hr in three 
patients and for more than 48 hr in another patient (Figs. 1 
and 6). These four patients had severe mucosal disease and 
subsequently passed membranes of sloughed mucosa per 
rectum. Three of these four patients had viral infection, one 
with no evidence of acute GVHD, one with grade | acute 
GVHD, and one with severe acute GVHD; the remaining 
patient had minimal acute GVHD and was evaluated before 
the viral assay became available. The viruses involved were 
adenovirus in two patients and coxsackie virus in one. 

Colonic findings were present in 17 patients, shown on 
barium enema in two and on antegrade studies in 15. Findings 
included haustral fold enlargement, spasm, ulceration, or loss 
of haustration, in some cases associated with a granular 
mucosal pattern similar to that of idiopathic ulcerative colitis 
(Figs. 1, 2, and 4-6). The findings were diffuse in 12 patients, 
with a common association being loss of haustration in the 
left colon and edema and spasm in the right colon. In five 
patients, the left colon was spared and the right colon was 
abnormal. The colonic findings occurred in the setting of 
Clinically significant acute GVHD in five patients, viral infection 
with minimal or no evidence of acute GVHD in eight patients, 
and both acute GVHD and viral infection in three patients. 
The other patient had no evidence of acute GVHD and neg- 
ative viral studies and was thought on clinical grounds to 
have nonspecific inflammatory bowel disease. The viruses 
involved were adenovirus in six patients (in association with 
coxsackie virus in one and rotavirus in one other), coxsackie 
virus in three, and atypical rotavirus in one. 


Discussion 


Clinically, the patients could be divided into three cate- 
gories: those with acute GVHD, those with both acute GVHD 
and viral infection, and those with viral infection but minimal 
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A 


Fig. 1.—A 21-year-old bone marrow transplant patient with grade Il acute graft-versus-host 


disease and adenovirus infection. 


A, Small bowel series shows gastric dilatation and atony with an unusual coating pattern. Note 
thickening of small bowel folds in jejunum and ribbonlike barium in distal ileum. Haustral folds in 


right colon and transverse colon are enlarged and left colon is ahaustral. 


B, Follow-up film made 24 hr later shows persistent gastric atony and unusual coating of stomach 


and several loops of small bowel in the right lower quadrant. 


CT scan obtained on same day showed adherence of barium to mucosa of stomach and small 


bowel. 


Fig. 3.—A 12-year-old boy with grade Il acute 
graft-versus-host disease and a small bowel bi- 
opsy showing vacuolations indicative of viral en- 
teritis. Barium studies performed 59 days after 
transplantation show dilatation of stomach and 
marked narrowing and deformity of distal gastric 
antrum and pylorus. There is also mucosal pro- 
lapse through the pylorus. 


Fig. 4.—A 31-year-old woman with grade Il 
acute graft-versus-host disease and no evidence 
of viral enteritis. Barium study performed 54 days 
after transplantation shows thickening of small 
bowel folds in some segments and a ribbonlike 
barium pattern in others. Note loss of haustration 
in distal transverse, descending, and sigmoid co- 
lon. 


or no Clinical evidence of acute GVHD in other target organs 
such as the skin and liver. The patients who had no other 
clinical evidence of acute GVHD may have had subtle, unde- 
tected inflammation of the small intestinal epithelium due to 
acute GVHD as well as viral superinfection. For the sake of 
discussion, however, these categories are preserved. 

The following points emerged from this study: (1) Diffuse 
gastrointestinal inflammation occurs in both acute GVHD and 
viral superinfection and involves not only the small intestine 
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Fig. 2.—An 8-year-old girl with no clinical evi- 
dence of acute GVHD who clinically was thought 
to have viral enteritis. A 30-min film obtained 55 
days after transplantation shows gastric disten- 
sion, ribbonlike barium in duodenum and proximal 
jejunum, and marked thickening of folds in distal 
jejunum and ileum. Note thickening of haustral 
folds in colon to mid-descending colon with loss 
of haustration distally. 





but also the stomach, duodenum, and colon. (2) Differentiation 
between acute GVHD and viral enteritis is not possible on the 
basis of radiographic findings alone, although gastric involve- 
ment and prolonged small bowel coating favor a viral etiology. 

The finding of gastric atony is interesting in light of a recent 
report [18] of cytomegalovirus gastritis in four patients after 
bone marrow transplantation. Radiographs showed gastric 
atony in two of these patients; in one case it was associated 
with marked nodularity. The narrowing and deformity of the 
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antrum, seen in four patients in the present study, can also 
be seen in other inflammatory diseases such as Crohn disease 
[27]. Findings were seen in the stomach only in patients who 
had viral infection (either alone or in combination with acute 
GVHD), and not in those with pure acute GVHD. However, 
the number of patients is small; further data are needed before 
it can be concluded that gastric abnormality can be used as 
a marker for viral infection. 

Prolonged mucosal coating of the stomach and small bowel 
such as seen here has been observed only in patients who 
have undergone bone marrow transplantation. Although un- 
usual surface coating has been reported in these patients on 
CT [28], prolonged coating on barium examinations has not 
been stressed. What this appearance represents is unknown; 
the barium may be adherent to mucosa, to submucosa, or to 
pseudomembranes, or trapped in sloughed mucosa. One 
patient with persistent coating in the small intestine for over 
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Fig. 5.—A 20-year-old man with no evidence of 
acute graft-versus-host disease and both rotavirus 
and adenovirus infection. 

A, Small bowel series 41 days after transplan- 
tation shows fold thickening in proximal small 
bowel and ribbonlike barium in distal small bowel. 
There is spasm in proximal ascending colon. 

B, Small bowel series performed 19 days later 
shows a diffuse, amorphous pattern with almost 
complete effacement of small bowel folds. 


Fig. 6.—A 36-year-old woman with grade | acute 
graft-versus-host disease and both coxsackie and 
cytomegalovirus infection. 

A, An upper gastrointestinal series done 22 
days after transplantation shows diffuse thicken- 
ing of small bowel folds involving duodenum 
through ileum. Right colon and transverse colon 
appear spastic, and left colon is ahaustral. 

B, Coned-down film of right lower quadrant 48 
hr later shows persistent barium coating of distal 
small bowel. 


48 hr died 18 days later; at autopsy the intestinal lumen was 
filled with pseudomembranes. Pathologic correlation is nec- 
essary to clarify the reason for the abnormal coating. 

In two patients with viral infection, follow-up examinations 
(19 and 30 days later, respectively) revealed that fold thick- 
ening in the small bowel had evolved to a shaggy, tubular 
appearance with effacement of folds, an appearance not seen 
in acute GVHD (Fig. 6). Microscopy in fatal viral enteritis 
shows severe mucosal damage with widespread ulceration, 
patchy or diffuse villous atrophy, lymphoid atrophy, and vac- 
uolations in villous epithelial cells [25]; villous shortening and 
patchy ulceration could result in this amorphous, shaggy 
appearance. In previous reports of fatal viral enteritis, signifi- 
cant gastrointestinal hemorrhage was a contributing or pri- 
mary cause of death [20, 21], and in our group of patients, 
profuse bloody diarrhea was more common in viral infection 
than in acute GVHD. 
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Colonic findings in this study were reminiscent of idiopathic 
inflammatory bowel disease with loss of haustration, spasm, 
edema, ulceration, or a granular mucosal pattern consistent 
with mucosal edema or fine ulceration. These findings were 
similar to those reported recently in cytomegalovirus colitis in 
AIDS [29-31]. 

Viral infectious agents included coxsackie virus, adenovi- 
rus, rotavirus, atypical rotavirus, and cytomegalovirus, in a 
few cases combined with other pathogenetic organisms such 
as Pseudomonas aeruginosa or Clostridium difficile. Several 
patients had enteric infection with more than one virus. The 
relative contribution of each pathogen to the radiographic 
appearances cannot be determined in the individual patient. 


Conclusions 


Radiographic findings cannot be used to differentiate acute 
GVHD from viral enteritis; gastric abnormalities were seen 
only in viral infection, either alone or combined with acute 
GVHD. Similarly, the shaggy, amorphous contour of the small 
intestine in two patients with viral infection was not seen in 
acute GVHD. Hence, when a bone-marrow-transplant patient 
develops diarrhea and barium studies show findings suggest- 
ing inflammation, both acute GVHD and viral superinfection 
should be considered. Whereas acute GVHD may improve 
with intensification of an immunosuppressive regimen, viral 
enteritis may be worsened. 
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A Practical Approach to Angiography, 2nd edition. By Irwin S. Johnsrude, Donald C. Jackson, and N. Reed 


Dunnick. Boston: Little, Brown, 565 pp., 1987. $85 


The authors of this book have set themselves a most ambitious 
task, that of discussing in great detail virtually all aspects of modern 
angiography. Areas covered range from history, equipment, and basic 
and advanced techniques to the newest developments in interven- 
tional angiography. The book includes in-depth discussions of arte- 
riographic and venographic techniques and descriptions of findings 
in a wide variety of disease states in each of the body parts and 
organ systems that lend themselves to angiographic investigation. 
Many of the tricks of the trade that those of us active in the field have 
learned over the years are described clearly. The authors also discuss 
such rarely used procedures as lymphangiography and parathyroid 
angiography. The book even contains a well-written section on what 
might be called “cerebral angiography for the nonneuroradiologist.” 
An appendix contains valuable miscellaneous information, such as 
characteristics of contrast agents with reference to the new low- 
osmolar agents, a table of basic drugs used in angiography, sug- 
gested timing of films and volumes of contrast material, charts for 
estimating degrees of stenosis, and even such esoterica as a formula 
for the preparation of blue dye for use in lymphangiography. 


Illustrations are first-rate, and the many line drawings are helpful 
in clarifying techniques discussed in the text. The style is readable 
and concise. | found it somewhat strange that the sections on 
angioplasty and therapeutic embolization precede the chapters on 
basic femoral angiography and aortography, but this obviously re- 
flects the authors’ interests. Although the book has three contributing 
authors in addition to the three principal authors, repetition is minimal. 

The experienced angiographer will nod in agreement at the many 
valuable suggestions on various techniques and will appreciate the 
stands taken on controversial issues. The tyro will find this volume a 
source for constant referral and rarely will be disappointed when 
trying to find a solution to a specific problem. | know of no other text 
that covers this particular material as completely and accurately. In a 
market in which the supply of angiographic texts seems to be endless, 
this one quickly, and deservedly, will find its way to the top of the 
best-sellers’ list. 
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MR Imaging of Portal Venous 
Thrombosis: Correlation with CT 
and Sonography 





Fourteen patients with portal venous thrombosis (PVT) diagnosed by CT and/or 
sonography were studied with MR. Three of the 14 had portal hypertension. The MR 
findings were compared with those of eight patients with portal hypertension, but without 
CT or sonographic evidence of PVT. MR imaging showed portal venous thrombosis in 
all 14 PVT cases. Intraluminal thrombi of less than 5 weeks duration appeared markedly 
hyperintense relative to liver and muscle on both T1- and T2-weighted images. Older 
thrombi appeared hyperintense relative to liver and muscle in eight of 11 cases, but only 
on T2-weighted images. MR showed thrombi in 11% more portal vessels than did CT 
(MR = 30, CT = 27) and in 28% more vessels than did sonography (MR = 32, sonography 
= 25). MR also showed 24% more collateral vessels than did CT (MR = 31, CT = 25) 
and 50% more vessels than did sonography (MR = 33, sonography = 22). Third-echo 
images (echo time = 96 msec, repetition time = 1500-2150 msec) verified the presence 
of venous thrombi in 28 (93%) of 30 PVT vessels, and they differentiated flow-related 
intravascular signal from true thrombi in six (17%) of 36 portal hypertension vessels. 

We conclude that MR is a valuable tool for imaging portal vein thrombosis. MR is a 
good substitute for CT and can be more informative than sonography. 


The angiographic, CT, and sonographic diagnoses of portal venous thrombosis 
(PVT) have been well described [1-6]. IV contrast enhancement, particularly with 
dynamic rapid-sequence scanning, is essential for the CT diagnosis of PVT [2], 
whereas pulsed Doppler is a valuable supplement to real-time sonography for 
diagnosing this condition [5, 6]. 

With the advent of MR, another noninvasive technique became available for the 
diagnosis of PVT [7-11]. This report is based on a retrospective study of the MR 
images in 14 patients who had CT and/or sonographic evidence of PVT. MR is 
compared with CT and sonography with respect to the ease of visualizing portal 
vessels, determining the presence of thrombi, and detecting collateral vessels. The 
MR findings in the PVT group are also compared with those of eight patients who 
had portal hypertension but had no CT or sonographic evidence of PVT. Finally, 
the usefulness of third-echo images for identifying portal venous thrombi and for 
differentiating them from flow-related artifacts is evaluated. 


Materials and Methods 


The MR studies of 14 consecutive patients with CT and/or sonographic evidence of PVT 
were reviewed. There were five males and nine females ranging in age from 1.5 to 79 years. 
Sectional imaging was performed to evaluate fever of unknown origin (four patients), abdom- 
inal pain (four patients), jaundice (three cases), ascites (two cases), and hepatosplenomegaly 
(one patient). Four patients had recent splenectomy for lymphoma, leukemia, myelofibrosis, 
and trauma; another four patients had liver malignancies (hepatoma in two and metastatic 
colon carcinoma in two). Five patients had clinical evidence of cirrhosis and portal hyperten- 
sion, and one patient had echinococcal disease of the liver. In nine of the cases, the diagnosis 
of PVT was verified with both CT and sonography (Figs. 1-4). In another three cases, PVT 


284 





Fig. 1.—Portal venous thrombosis 2 weeks after splenectomy. 
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A, First-echo MR image (TR = 1600 msec, TE = 32 msec) shows hyperintense thrombus, relative to liver and muscle, in right and left portal veins. 
Brightness of thrombus increased with second- and third-echo images. A lower transverse section showed hyperintense thrombus in splenic vein. 
Periportal collaterals (arrows). Relatively dark appearance of liver is attributed to iron deposition after multiple blood transfusions for chronic leukemia. 

B, CT at approximate level of A. A radiolucent thrombus occupies right and left portal veins. Periportal collaterals (arrows). Ascites (ASC). 

C, Transverse sonogram corresponding to A and B. Portal vein thrombus is echo free and was diagnosed only when pulsed Doppler showed no portal 


venous flow. Periportal collaterals (arrows). 





Fig. 2.—Portal venous thrombus at least 5 
months old with underlying biopsy-proved cir- 
rhosis. 

A, On first-echo MR image (SE 1500/32), ex- 
pected site of location of portal vein (arrow- 
heads) appears isointense with liver. Peripheral 
collaterals are visible (small arrows). Spleen is 
enlarged. Short gastric collaterals (large arrow). 

B, On third-echo MR image (SE 1500/96), hy- 
perintensity relative to liver is noted at expected 
location of thrombosed portal vein (arrowheads). 
Periportal collaterals (arrows) are not as well 
seen as in A. 

C, On contrast-enhanced CT scan, throm- 
bosed portal vein appears relatively hypodense 
(arrowheads) and is better delineated than in A 
and B. Periportal collaterals (arrows). 

D, Transverse sonogram corresponding to A- 
C. Echogenic thrombus is visible within portal 
vein (arrowheads). Periportal collaterals (ar- 
rows). 
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Fig. 3.—Chronic portal vein thrombosis with cavernous transformation. 

A, First-echo MR image (SE 1600/32) shows multiple collaterals (straight arrows) occupying expected site of location of portal vein and not limited to 
its peripheral margins (unlike Figs. 2A and 2B). Colon metastasis (curved arrows). 

B, CT scan corresponding to A shows that multiple collaterals (straight arrows) have replaced portal vein, which is not visible. Colon metastasis (curved 


arrows). 


C, Transverse oblique sonogram slightly above level of A and B. Multiple collaterals (straight arrows) were confirmed by pulsed Doppler tracing, which 
showed characteristic portal flow. Colon metastasis (curved arrows). Image rotated 90° so anatomic features correspond to those in A and B. 


Fig. 4.—Chronic portal and superior mesen- 
teric vein thrombosis with calcified focal throm- 
bus. 

A, First-echo MR image (SE 2150/32) shows 
thrombus (arrowheads) within medial two-thirds 
of portal-superior mesenteric vein junction, with 
a peripherally patent vascular lumen (large open 
arrows). Thrombus may be present at junction 
of splenic and superior mesenteric veins (small 
open arrow). Bright signal is noted within vena 
cava (VC), splenic vein (SV), and in a splenorenal 
collateral (curved arrow). Ascites (ASC). 

B, Third-echo MR image (SE 2150/96). Portal 
venous thrombus (arrowheads) is more hetero- 
geneous than in A and appears relatively brighter 
in its anterolateral aspect. Junction of splenic 
and superior mesenteric veins is now clearly 
patent (open arrow). Slow-flow artifacts have 
disappeared from vena cava (VC) and have 
changed in shape and/or location within splenic 
vein (SV) and in splenorenal collateral (curved 
arrow). Ascites (ASC). 

C, CT scan corresponding to A and B shows 
calcification (arrowheads) in medial portion of 
portal vein thrombus not seen on MR image. 
Denser lateral portion of portal vein (open ar- 
rows) corresponds to patent peripheral portion 
on MR image. Enlarged portal vein mimics a 
pancreatic mass on CT. Ascites (ASC). 

D, Transverse sonogram corresponding to A- 
C. Medial calcification (arrowhead) within throm- 
bus casts an acoustic shadow. Patent lateral 
portion of portal vein (large open arrows) and 
junction with splenic vein (small open arrow) are 
echo free. 
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had been diagnosed with sonography only. In the remaining two 
patients, PVT has been verified only by CT. 

In the 14 PVT patients, MR imaging was performed with a 0.5-T 
superconducting magnet (Technicare, Solon, OH). A multislice triple- 
echo technique was used for the transverse images in 12 patients 
(repetition time [TR] = 1500-2150 msec; echo time [TE] = 32, 64, 
and 96 msec). In two patients, only dual echoes were obtained for 
the transverse images (TE = 32/64 or 64/128 msec). T1-weighted 
Sagittal and coronal multislice, single-echo images were obtained in 
10 patients (TR = 500 msec, TE = 32 msec). The slice thickness 
was 0.75 cm, and the interslice interval was 1.0-1.25 cm. Thrombosis 
was diagnosed when persistent signal was seen within (or at the 
expected location of) a vessel on all multiple-echo images (Figs. 1A, 
2A, 2B, 4A, and 4B), or when the portal vein was totally replaced by 
collateral vessels (Fig. 3A). When a portal vessel was devoid of signal 
on at least one echo, it was considered patent and free of thrombus. 

In 11 of the PVT cases, CT scans were performed with GE 8800 
or 9800 equipment, using 10-mm collimation and scan times of 10 
sec or 2-3 sec, respectively. Consecutive CT sections were obtained 
through the upper abdomen in deep inspiration (with the patient 
supine) at intervals of 1.0-1.5 cm. Every patient received IV and oral 
contrast media. IV glucagon (1 ml) was administered for studies 
obtained with the slower scanner. In seven cases an IV bolus con- 
taining 12-15 g of iodine was given just before scanning, and was 
followed by continuous infusion of 28 g of iodine (Renografin 60 
[diatrizoate meglumine], Squibb, New Brunswick, NJ) as the scans 
were obtained. In another four cases, dynamic sequential scans were 
obtained after administering IV boluses of 12-15 g of iodine. Portal 
venous thrombosis was diagnosed on CT when a focus of decreased 
attenuation appeared within or at the expected location of a portal 
vessel (Figs. 1B, 2C, and 4C) or when the vessel was replaced by 
collaterals (Fig. 3B). 

In 12 PVT patients, sonograms were obtained with commercially 
available real-time equipment by using the highest frequency trans- 
ducer that provided adequate penetration, usually 3.5 or 5 MHz. With 
the patient in a left posterior oblique position, transverse images of 
the confluence of the left and right portal veins, right portal vein 
bifurcation, and the umbilical portion of the left portal vein were 
obtained routinely. The main portal vein was also imaged in a longi- 
tudinal oblique projection. Transverse and longitudinal imaging of the 
splenic and superior mesenteric veins, respectively, was also at- 
tempted. In six cases, the sonograms were supplemented with duplex 
pulsed Doppler examination of the portal vessels at frequencies of 
3.0 or 5 MHz (Ultramark 8, Advanced Technology Laboratories, 
Bellevue, WA). The wall filter was set at 50-100 MHz, and sample 
volume was 1.5-3.0 ml. Time velocity spectra were recorded rou- 
tinely. Portal venous thrombi were diagnosed by sonography when 
focal intraluminal echogenicity was identified (Figs. 2D and 4D), when 
the portal vein was replaced by collaterals (Fig. 3C), or when Doppler 
signal was absent, even if the vessel was echo free (Fig. 1C). Pulsed 
Doppler was also used to differentiate portal venous collaterals from 
hepatic arterial branches and bile ducts. 

For each patient with PVT, the MR, CT, and sonographic images 
were assessed (1) for the extent of venous thrombi; (2) the ease with 
which the main portal vein, its right and left branches, and its splenic 
and superior mesenteric tributaries could be delineated; and (3) the 
presence and location of venous collaterals. 

To assess the potential for false-positive diagnoses of venous 
thrombosis, we compared the MR findings in the PVT group with 
those in a group of eight patients with portal hypertension (PHT 
group) in whom there was no evidence of portal venous thrombosis 
on CT or sonography. The sectional imaging criteria used for diag- 
nosing portal hypertension were cirrhotic liver (nodular contours, 
enlarged caudate and/or left lobe), splenomegaly, and the presence 
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of portal venous collaterals. Three PVT cases had portal hypertension 
when the same criteria were used. All eight PHT patients had triple- 
echo MR studies. Six had CT scans, and five had sonograms showing 
no portal venous thrombi. The MR, CT, and sonographic studies in 
the PHT group were performed and analyzed in the same manner as 
that described for the PVT group. 


Results 


Portal venous thrombosis was easily diagnosed with MR in 
all 14 PVT patients (Figs. 1-4). In three patients with post- 
splenectomy PVT, the thrombi were hyperintense relative to 
liver and muscle on the first-echo images (relatively T1 
weighted) and became even brighter on the more T2-weighted 
second- and third-echo images (Fig. 1A). Collateral vessels 
were visible at the periphery of the thrombosed vessels (Fig. 
1A). PVT was relatively recent in all three cases (the splenec- 
tomies has been performed 1.5-4.5 weeks before MR imag- 
ing). 

Older thrombi, those approximately 2-18 months old, ap- 
peared hyperintense relative to liver and muscle in eight of 11 
patients, but only on T2-weighted images (Figs. 2A and 2B). 
In four PVT cases, collateral vessels were seen at the periph- 
ery of the thrombosed veins, suggesting preservation of 
vascular integrity, even though the vessel may not have been 
clearly delineated with MR (Figs. 2A and 2B). In another six 
PVT cases, collateral vessels occupied the entire expected 
location of the thrombosed vessels and were not limited to 
its peripheral margins (Fig. 3A). This appearance was most 
consistent with cavernous transformation of the portal vein. 
The remaining PVT patient had discrete signal within the 
extrahepatic portal vein, marginated partially by a peripheral 
signal-free zone (Figs. 4A and 4B). This finding suggested 
chronic, retracted thrombus. Calcification in the thrombus 
was visible in one case with CT and sonography, but not with 
MR (Figs. 4C and 4D vs Figs. 4A and 4B). In the four patients 
with liver metastases or hepatoma, the thrombi appeared 
similar to the other PVT cases on MR, CT, and sonography, 
without evidence of liver malignancy. 

Among the 14 PVT cases, the main portal vein was the 
most frequent site of thrombosis on MR (13/14 = 93%), 
followed, in order, by the right portal vein (10/14 = 71%), the 
left portal vein (8/14 = 57%), the splenic vein (4/14 = 29%), 
and the superior mesenteric vein (2/14 = 14%). MR helped 
to visualize 18% more of these portal branches and tributaries 
than did CT (MR = 46, CT = 39) and 21% more than did 
sonography (MR = 51, sonography = 42). Similarly, MR 
showed 11% more of these vessels to be thrombosed than 
did CT (MR = 30, CT = 27) and 28% more than did sonog- 
raphy (MR = 32, sonography = 25). (Note that the number of 
features detected by MR changes between correlation with 
CT and sonography because, although all 14 patients had 
MR, only 11 patients had CT and 12 patients had sonography. 
The numbers for MR and CT compare MR and CT features 
for only the group of 11 patients who had both MR and CT. 
The numbers for MR and sonography compare only the group 
of 12 patients who had both MR and sonography.) 

Collateral vessels were seen most frequently in the porta 
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hepatis, along the main portal vein (79% on MR images) and 
its right and left branches (up to 71% on MR images). They 
were also visible at the fissure for the ligamentum teres, and 
in paraumbilical and paraesophageal locations. When these 
multiple sites were considered together, MR in the PVT group 
helped to visualize collateral vessels at 24% more sites than 
CT did (MR = 31, CT = 25) (Figs. 2A and 2C) and at 50% 
more sites than sonography did (MR = 33, sonography = 
22). There was a striking difference in the location of collateral 
vessels between the PVT and PHT groups. Paraesophageal 
collaterals were visible on MR images in only 29% (4/14) of 
the PVT cases but in 75% (6/8) of the PHT cases. However, 
porta hepatis collaterals, which were visible in 79% (11/14) of 
the PVT cases, were seen in only 25% (2/8) of the PHT group. 
The third-echo image (TE = 96, TR = 1500-2150) was 
valuable for verifying thrombi that were suspected on the first- 
and second-echo images. Among 30 thrombosed vessels in 
the PVT group, maximal intensity relative to muscle was 
observed on the third-echo images for either part or all of the 
thrombus in 26 vessels (86%) (Figs. 2A and 2B). In two other 
vessels (7%), the relative intensity of the thrombus was equal 
on the second- and third-echo images, exceeding the bright- 
ness on the first-echo image. The remaining two vessels (7%) 
were brightest on the second-echo images. In the PHT group, 
six (17%) of the 36 vessels became signal free and were 
diagnosed as unequivocally patent only on the third-echo 
images. Another 21 vessels (21/36 = 58%) were signal free 
on the first-echo images and easily diagnosed as patent. The 
remaining nine vessels (25%) had intraluminal signal sur- 
rounded uniformly by a signal-free ring and therefore were 
diagnosed as patent. In four (11%) of the 36 the peripheral 
ring was darkest on the third echo, whereas in three (8%) the 
ring was brightest on the third-echo image. In another two 
vessels (6%), the ring was darkest on the second echo. 


Discussion 


The results show that MR is an excellent procedure for 
imaging the portal venous system. The portal vein, its right 
and left branches, and its splenic and superior mesenteric 
tributaries were easier to see with MR than with either CT or 
sonography. Furthermore, thrombosis of these vessels and 
associated portal venous collaterals were detected with 
greater sensitivity by MR than by CT or sonography. 

Better results would have been possible with CT had 
dynamic, rapid-sequence, contrast-enhanced scans been 
used in every case [2]. Since PVT was not suspected in most 
of the cases at the time of the initial CT scan, the majority of 
the studies were obtained in a nondynamic mode. Even with 
dynamic CT scans, however, proper timing of the scan relative 
to the bolus injection may be critical for showing thrombi or 
opacifying collateral vessels [9]. Therefore MR, with the nat- 
ural signal void provided by rapidly flowing blood, seems 
preferable to CT for diagnosing PVT. 

Similarly, a more favorable comparison of sonography with 
MR would have been possible if pulsed Doppler [5, 6] had 
been used routinely to help detect echo-poor thrombus (Fig. 
1C). However, the lower sensitivity of sonography in this 
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series was due mainly to the difficulty of visualizing vessels 
that were obscured by air, omental fat, or a fatty, fibrotic liver. 
These natural impediments to the sound beam cannot be 
overcome with Doppler sonography [6]. 

MR failed to detect calcification within a chronic, retracted 
thrombus (Fig. 4). This did not preclude MR delineation of the 
largest portion of the thrombus within the portal vein, but it 
did interfere with MR visualization of a calcified component of 
the thrombus in the superior mesenteric vein below the level 
shown in Fig. 4. 

Another potential limitation of MR in the diagnosis of PVT 
is the slow-flow—enhancement artifact [12], which is more 
likely to occur in patients with portal hypertension [10]. The 
increased brightness of this artifact on even echoes is valuable 
for differentiating it from true intraluminal thrombi [12]. In this 
regard, the third-echo image was especially useful, because 
it showed progressively increasing brightness or persistent 
maximal brightness relative to the first- and second-echo 
images in most thrombosed vessels (93%). In contrast, a 
fraction of patent vessels (17%) appeared signal free only on 
the third-echo image. Although not all patent vessels ap- 
peared darkest on the third-echo image, these images never- 
theless helped to support the impression of vascular patency 
by showing changes in the size and location of the intraluminal 
Signal. Sagittal and coronal images helped to confirm sus- 
pected flow artifacts in a similar manner. Another valuable 
sign of vascular patency was the presence of a uniform signal- 
free ring surrounding an inner bright zone. 

In three PVT cases, thrombus that was less than 5 weeks 
old appeared hyperintense relative to liver and muscle on T1- 
weighted images and became even brighter on T2-weighted 
images (Fig. 1A). This observation is in agreement with pre- 
vious reports on the MR appearance of relatively recent 
venous thrombi [11, 13]. Histologically, thrombi are com- 
pletely fibrinized within 2 days after their formation and then 
undergo variable lysis and organization [11]. It has not been 
proved, however, that the brightness of the thrombus de- 
creases with time. In one study there was no change in the 
intensity of thrombi on MR over a 3-week period in an animal 
model or over a 4-week period in humans [11]. Nevertheless 
it is tempting to suggest, on the basis of the findings in this 
study, that thrombi more than 2 months old may lose their 
relative hyperintensity on T1-weighted images. 

Cavernous transformation of the portal vein, which was 
observed in six of our cases, is defined pathologically as 
replacement of the portal vein and hepatoduodenal ligament 
by a spongy network of collateral blood vessels [14]. In a 
review of 23 autopsies, the obliterated portal vein was still 
recognizable grossly or microscopically in 13 cases (57%), 
but there was no trace of it in six cases (26%) [14]. It has 
been estimated that 1-12 months may be required for cav- 
ernous transformation [3, 15]. The appearance of multiple 
collaterals on MR images, not only at the periphery but also 
within the expected location of the portal vein lumen, fits the 
pathologic description of portal cavernoma (Fig. 3). Similar 
features of this entity have been described on CT and sonog- 
raphy [2-4, 6]. 

Finally, differences were found in the distribution of collat- 
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eral vessels between the PVT and PHT groups. In the PHT 
group, collaterals were seen most frequently in the parae- 
sophageal region. This is consistent with the location of 
collaterals in previous CT and sonographic reports on patients 
with portal hypertension [16, 17]. The predominance of porta 
hepatis collaterals in the PVT group may be a useful indirect 
sign of the presence of portal venous thrombosis. 

MR is a valuable, noninvasive method for diagnosing portal 
venous thrombosis. It is easier to perform than dynamic CT 
scanning and can be more informative than sonography, 
except in the detection of thrombus calcification. The speci- 
ficity of MR can be improved by using triple-echo imaging to 
differentiate true thrombi from flow-related artifacts. Thrombi 
less than 5 weeks old appeared hyperintense relative to liver 
and muscle on both T1- and T2-weighted images. Older 
thrombi appeared hyperintense in some patients, but on T2- 
weighted images only. Portal cavernoma can be diagnosed 
with MR when multiple collateral vessels occupy the expected 
location of the portal vein lumen. Collateral vessels in portal 
vein thrombosis occur most frequently at the porta hepatis, 
in contrast to the paraesophageal location of most collaterals 
in portal hypertension. 
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Case Report 





Hepatic Venocclusive Disease After Bone-Marrow 
Transplantation: Diagnosis with Duplex Sonography 


J. Scott Kriegshauser,' J. William Charboneau,’ and Louis Letendre* 


Venocclusive disease of the liver is a well-known compli- 
cation of bone-marrow transplantation, especially in patients 
who have had combined chemotherapy and radiation therapy 
before transplantation [1-3]. Histopathologic study shows 
occlusion at the terminal hepatic venules and sublobular veins 
and centrolobular necrosis. The major hepatic veins are not 
involved—a finding that distinguishes this entity from the 
classic Budd-Chiari syndrome. Clinical features include ab- 
dominal pain, hepatomegaly, ascites, jaundice, and enceph- 
alopathy. We describe a patient who had acute reversal of 
portal venous flow and visceral edema, which was docu- 
mented on two duplex sonograms on consecutive days. 


Case Report 


A 39-year-old woman was referred to our institution for evaluation 
and treatment of recently discovered idiopathic aplastic anemia. 
Peripheral blood findings and bone-marrow cellularity fulfilled the 
criteria for severe aplasia [4]. Before transplantation of allogenic bone 
marrow, the patient had total lymphoid radiation and four daily doses 
of cyclophosphamide (40 mg/kg per day) [5]. Three days after trans- 
plantation, the patient had mild upper abdominal pain and tenderness. 
The next day, the pain increased and localized to the right upper 
quadrant. Serum levels of bilirubin (total, 2.9 mg/dl [normal, <1.1 mg/ 
dl]; direct, 1.8 mg/dl [normal, <0.3 mg/dl]), alkaline phosphatase (502 
U/I [normal, 76-196 U/I]), and aspartate aminotransferase (41 UJ/I 
[normal, 12-31 U/I]) were elevated. At 5 and 6 days after transplan- 
tation, the pain in the right upper quadrant increased, and ascites 
was evident clinically. The levels of bilirubin, alkaline phosphatase, 


and aspartate aminotransferase progressively increased. Serum lev- 
els of albumin ranged from 2.5 to 3.0 g/dl (normal, 3.5-5.0 g/dl). 

A duplex sonographic examination of the abdomen performed on 
the fifth day after transplantation showed ascites, bilateral pleural 
effusions, and pronounced thickening of the gallbladder wall, to a 
diameter of 1.7 cm (Figs. 1A and 1B). Echogenicity within the gall- 
bladder wall was increased, giving it a lamellar appearance. Pulsed 
Doppler sonography showed hepatopetal flow and patent portal veins 
(Fig. 1C). Twenty-four hours later, repeat sonographic examination 
showed an increase in the amount of ascites and increased thickening 
of the gallbladder wall, to a diameter of approximately 2.3 cm, which 
obliterated the lumen. Portal venous flow had reversed (Fig. 1D). 
Direction of flow in the hepatic veins was normal. Loops of small 
bowel with thickenec walls were observed also. 

During the following week, the hepatic failure became worse, and 
the hepatorenal syndrome developed. The patient died 13 days after 
transplantation. Autopsy revealed acute occlusion of the centrolobu- 
lar veins, along with massive centrolobular hepatic necrosis and 
hemorrhagic edema of the gallbladder. The hepatic artery, major 
hepatic veins, and portal vein were patent. A total of 5.5 | of fluid was 
found in the peritoneal cavity. 


Discussion 


The clinical and pathologic features of venocclusive disease 
in bone-marrow transplantation have been well reviewed [1- 
3]. Our case illustrates the duplex sonographic findings of 
acute and fulminant portal venous hypertension. The degree 
and acuteness of thickening of the gallbladder wall and the 
overnight reversal of portal venous flow were striking sono- 
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graphic features that, to our knowledge, have not been re- 
ported previously. 

The portal venous hypertension in patients who have re- 
ceived bone-marrow transplants develops because of occlu- 
sion of the venous outflow, which is probably the result of a 
direct injury to the hepatic venules and the clogging of the 
venules with necrotic debris. The combination of chemother- 
apy and radiation is thought to damage both the venules and 
the hepatocytes, and further damage to the hepatocytes 
occurs because of the congestion and hypoxia [3]. 

Diagnosis based on clinical and laboratory findings can be 
accurate in identifying these patients [2]. Serial sonographic 
examinations may aid in the diagnosis and the evaluation of 
severity. In a patient who has undergone bone-marrow trans- 
plantation and in whom clinical findings suggest venocclusive 
disease, the findings of hepatofugal portal venous flow and 
pronounced thickening of the gallbladder wall are confirma- 
tory, especially if serial examinations reveal that these devel- 
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Fig. 1.—Hepatic venocclusive dis- 
ease after bone-marrow transplanta- 
tion. 

A and B, Transverse (A) and longi- 
tudinal (B) sonograms show pro- 
nounced thickening of gallbladder wall 
(arrows in B) and narrow lumen. L = 
liver; A = ascites. 

C, Longitudinal Doppler sonogram of 
portal vein. Venous waveform projects 
below zero baseline (B.L. and arrow), 
indicating hepatopetal flow (right to 
left). 

D, Longitudinal Doppler sonogram of 
portal vein (straight arrow) obtained 24 
hr after sonogram in C shows hepato- 
fugal (left to right) flow. Venous wave- 
form projects below baseline (B.L. and 
curved arrow) as in C, but angle made 
by portal vein and transducer is oppo- 
site to that in C. 


oped rapidly. The rapidity of development and the degree of 
thickening of the gallbladder wall may indicate severity. 
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Heterotopic Gastric Mucosa in the 
Duodenum: Radiographic Findings 





Heterotopic gastric mucosa in the duodenal bulb was detected by endoscopic ex- 
amination in 25 adult patients and was confirmed by biopsy in 17 of these patients. The 
endoscopic findings were correlated with the radiographic features of the lesion on 
upper gastrointestinal barium studies. On radiographs, this entity usually presented as 
clusters of 1- to 3-mm plaques raised above the smooth and featureless duodenal 
mucosa; this was seen in 17 (68%) of 25 patients. A less frequent finding was patches 
of coarse nodular mucosa with superficial erosions or an ulcer crater (five cases 
[20%]). The heterotopic gastric mucosa was visible as polypoid masses in two patients 
and as prominent areae gastricae covering the base of duodenal bulb in another. 


The gastric mucosa is unique in its histologic features, its secretory functions, 
and its propensity to occur at anatomic sites beyond the confines of the stomach. 
The common locations for heterotopic gastric mucosa (HGM) are the esophagus, 
Meckel diverticulum, and enteric duplication cysts [1-4]. However, it may be found 
as ectopic islands located anywhere in the gastrointestinal tract, from the oral 
cavity to the rectum [5, 6]. Its occurrence also has been noted in the gallbladder 
or bile ducts [7], as well as in the airways, spinal column, and urinary bladder [1]. 

The widespread use of upper gastrointestinal endoscopy during the past decade 
has improved the awareness and detectability of HGM as mucosal plaques covering 
the duodenal bulb [2, 8]. This entity also has been identified by double-contrast 
radiography, but experience has been limited [2, 9]. Therefore, we present an 
analysis of HGM in the duodenal bulb based on a correlative study of the radiologic, 
endoscopic, and histologic features in 25 cases. The clinical significance of this 
entity and the spectrum of its radiographic manifestations will be described. 


Materials and Methods 


Twenty-five adult patients in whom the diagnosis of HGM involving the duodenal bulb was 
established by endoscopy were included in the study group. The diagnosis was confirmed 
by biopsy in 17 of the patients. There were nine men and 16 women, ranging in age from 18 
to 86 years (mean, 62.4 years). All patients were examined by upper gastrointestinal series 
using the biphasic technique without glucagon or other pharmacologic agents. Endoscopy 
was performed 2-10 days after barium examination in all but three patients who had 
undergone previous endoscopic biopsy. 

The main indications for upper gastrointestinal radiography and endoscopy in this group 
of patients were dyspepsia (eight), epigastric pain (five), anemia or upper gastrointestinal 
bleeding (four), gastrointestinal symptoms complicating chemotherapy for a variety of malig- 
nancies (six), and Crohn disease (two). 


Results 


The radiographic appearance of HGM in the duodenal bulb was variable. The 
most common presentation in 17 (68%) of 25 patients was as clusters of 1- to 3- 
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mm mucosal plaques raised above the background of the flat 
and featureless mucosa of the duodenal bulb. These minute 
polypoid lesions usually were located at the base and poste- 
rior wall of the duodenal bulb, but sometimes they were 
scattered randomly throughout the duodenal bulb surface 
(Figs. 1A and 1B). They were well demarcated from the 
adjacent normal mucosa. The second type of appearance 
was coarse nodular mucosa of the duodenal bulb associated 
with superficial erosions or ulcer craters; this was seen in five 
(20%) of 25 cases (Figs. 2A, 2B, and 3). In two patients (8%), 
the HGM presented as a solitary and large sessile polyp in 
the duodenal bulb (Fig. 4). Another patient had heterotopic 
gastric mucosa with a prominent areae gastricae pattern 
covering the base of the duodenal bulb in direct continuity 
with the mucosa of the stomach. This was a persistent finding 
in distinction to the transient transpyloric prolapse of the antral 
mucosa. 

Endoscopically, the HGM was limited to the duodenal bulb 
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in all patients. The characteristic appearance was that of 
multiple clusters of 2- to 3-mm pink-red nodules or a myriad 
of nodules projecting intraluminally above the smooth, pale- 
pink duodenal mucosa (Fig. 1C). Occasionally, isolated 
patches of slightly raised and granular mucosa were ob- 
served. This pattern appeared to be different and less prom- 
inent than superficial gastric metaplasia owing to postinflam- 
matory changes and regeneration of the mucosa over a 
healed duodenal ulcer. Furthermore, the presence of HGM 
could be verified readily during endoscopy by staining with 
Congo red dye, which caused a black discoloration of the 
acid-producing mucosal islands [1]. 

Histopathologic studies were performed on endoscopic 
biopsies of duodenal mucosa in 17 of the 25 cases. In all 
instances, there was microscopic identification of gastric ep- 
ithelial islands with well-formed glands composed of parietal 
and chief cells, embedded within the otherwise normal duo- 
denal mucosa. Usually, hematoxylin and eosin stain was 
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Fig. 1.—Heterotopic gastric mucosa in duodenum of 54-year-old man with dyspeptic symptoms. 
A, Double-contrast examination of duodenal bulb shows a distinctly nodular surface pattern due to mucosal plaques ranging from 1 to 5 mm in size. 


B, Compression spot film also shows a myriad of small polypoid lesions. 


C, Endoscopic view of duodenal bulb. Heterotopic gastric mucosa is visible as clusters of red nodules projecting above the otherwise pink mucosa of 


the duodenum. 





Fig. 2.—Upper gastrointestinal series in 66- 
year-old man with epigastric pain and anemia. 

A, Initial study shows a slightly deformed bulb 
with persistent superficial collections of barium, 
suggesting erosions (white arrows). A large cra- 
ter is noted in area of raised nodular mucosa 
(black arrows). Endoscopy and biopsy revealed 
diffuse duodenitis associated with centrally ul- 
cerated patch of heterotopic gastric mucosa. 

B, Reexamination 3 months later indicates 
healing of ulcer and inflammatory changes de- 
spite persistence of coarse nodular gastric mu- 
cosa covering base and inferior fornix of duo- 
denal bulb. Multiple views showed an unchanged 
appearance, permitting differentiation from tran- 
sient transpyloric prolapse of antral mucosa. 
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Fig. 3.—Spot film of duodenal bulb in 7 1-year- 
old woman with recent episode of upper gas- 
trointestinal hemorrhage. Ulcer crater containing 
a blood clot and surrounded by a halo of edem- 
atous mucosa with a finely reticular surface pat- 
tern was detected (arrows). Endoscopic biop- 
sies from proximal ulcer margin contained foci 
of heterotopic gastric mucosa. Ulcer healed after 
treatment with cimetidine hydrochloride, but het- 
erotopic gastric mucosa became more clearly 
visible on air-contrast views obtained 2 months 
later. 


Fig. 4.—Radiograph from upper gastrointes- 
tinal series in 70-year-old man with gastritis 
shows a sessile duodenal polyp (arrow). At en- 
doscopy it resembled aberrant pancreas, but 
biopsies disclosed heterotopic gastric epithe- 
lium overlying a polypoid mass of proliferated 
mucous glands. 


sufficient to establish the diagnosis of HGM. However, several 
cases required staining with Alcian blue PAS, which resulted 
in a dark-red coloring of the goblet cells in HGM and permitted 
its differentiation from the pink duodena! mucosa. 

Eight patients had either previous or subsequent upper 
gastrointestinal series available for comparison; the interval 
between these studies was from 2 months to 4 years. None 
showed any significant change in the overall appearance or 
extent of HGM. In both patients with a duodenal ulcer, the 
treatment with cimetidine hydrochloride led to complete heal- 
ing of peptic ulcerations, but the large plaques of HGM 
remained detectable radiographically (Figs. 2 and 3). The two 
patients with polypoid masses of HGM underwent endoscopic 
biopsies but did not have resection of these lesions; they 
have remained asymptomatic under clinical observation for 
almost 2 years (Fig. 4). 


Discussion 


The presence of gastric epithelium in the duodenal bulb 
was first reported in 1927 by Taylor [10]. He described 
autopsy findings in two cases in which HGM was macroscop- 
ically visible as “small slightly raised patches which showed a 
peculiar sodden appearance.” On the basis of their histopath- 
ologic features, he classified HGM into congenital and ac- 
quired types. The congenital HGM is composed of well- 
differentiated gastric mucosa with its normal glandular ele- 
ments. The acquired lesion represents patchy replacement of 
the native mucosa by gastric epithelium after inflammatory or 
peptic processes. 

Both congenital and acquired HGM may be found inciden- 
tally at autopsy or histopathologic examination of the resected 
intestine [6, 11, 12]. However, such lesions seldom were 
diagnosed endoscopically. Spiller et al. [13] found only eight 
cases Of HGM in the duodenal bulb in 900 endoscopic ex- 
aminations, representing a frequency of 0.9%. Radiographic 
visualization and diagnosis were also infrequent in the past. 
In 1973, Cynn and Rickert [14] reported a single case of HGM 
as a lobulated duodenal polyp 1.5 cm in diameter. Langkem- 
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per et al. [2] described the radiologic and endoscopic features 
of HGM in 22 patients and noted that glucagon-induced 
hypotonia of the duodenum facilitated the detection on dou- 
ble-contrast upper gastrointestinal examination. We were able 
to detect HGM without the aid of glucagon or any other 
pharmacologic agent. The plaques were best seen when the 
duodenal bulb was distended with gas and coated with barium 
(Fig. 1A). However, larger aggregates of HGM were detecta- 
ble on single-contrast radiographs and on compression spot 
films as well (Fig. 1B). 

HGM in the duodenal bulb usually is an incidental finding, 
whereas its occurrence in Meckel diverticulum manifests clin- 
ical symptoms in 57% of cases [3, 4]. Most of our patients 
presented with dyspepsia, peptic ulcer symptoms, or gas- 
trointestinal bleeding. However, only two (8%) of 25 patients 
had an ulcer crater within the area covered by HGM. In both 
instances, treatment with cimetidine led to healing of the 
ulcers and resolution of clinical symptoms despite the per- 
sistence of HGM (Figs. 2 and 3). Two other patients with 
polypoid duodenal masses covered by HGM had endoscopic 
evaluation and biopsy of these lesions (Fig. 4), but they have 
not developed clinical findings. Rarely, obstructive symptoms 
due to polypoid lesions causing luminal narrowing or intus- 
susception may occur [9]. Blundel et al. [15] have reported a 
case of biliary obstruction resulting from polypoid HGM at the 
ampulla of Vater. 

HGM in the duodenal bulb usually has a distinct endoscopic 
appearance, characterized by salmon-red mucosal patches 
or clusters of nodules raised above the normally pink mucosa 
of the duodenum (Fig. 1C). The application of 1% Congo red 
solution as a pH-sensitive stain during endoscopy results in 
black discoloration of the acid-producing HGM [1]. Neverthe- 
less, endoscopic biopsy and histologic examination are nec- 
essary for the accurate diagnosis of HGM and its differentia- 
tion from other entities that may cause polypoid or nodular 
duodenal mucosa. These include hyperplasia of Brunner 
glands or lymphoid follicles, adenomas, and polyposis syn- 
dromes. 

The precise cause or pathogenesis of HGM in the duo- 
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denum has not been ascertained. Most are congenital, 
whereas others probably are acquired. Development of 
metaplastic gastric epithelium in the duodenum has been 
associated with peptic ulcerations, hyperacidity, and alcoholic 
or uremic duodenitis [8, 10-13]. Dayal and Wolfe [11] have 
shown that gastrin-producing G-cells are present in HGM of 
congenital origin occurring within Meckel diverticulum and 
intestinal duplications but not in acquired metaplasia. How- 
ever, both kinds of HGM contain the gastric type of mucoid 
surface cells, which excrete an alkaline juice for cytoprotec- 
tion against the hydrochloric acid. The same cells selectively 
accumulate pertechnetate anion (TcO, ), thus permitting scin- 
tigraphic detection of HGM in Meckel diverticulum and in 
various other aberrations [3, 4]. Unfortunately, this technique 
is not suitable for in vivo diagnosis of HGM in duodenal bulb. 
The reasons include interference by simultaneous radio- 
nuclide uptake in the stomach and the fact that only large 
areas of HGM exceeding 1 cm? can be visualized with the 
gamma camera [3]. 
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Chronic Intestinal Obstruction: 
Value of Percutaneous Gastrostomy Tube 
Placement 





Percutaneous gastrostomy tubes were placed in six patients for treatment of nausea 
and vomiting associated with chronic intestinal obstruction. There were no complications 
related to the tubes, and in all patient, symptoms were relieved. For the patient, the 
advantages of gastrostomy over nasogastric drainage include improved comfort, in- 
creased mobility, and a decreased risk of pulmonary aspiration. 

Percutaneous gastrostomy is a safe procedure and provides excellent palliation for 
intractable nausea and vomiting in patients with chronic intestinal obstruction. 


Percutaneous gastrostomy with radiologic guidance is an effective and safe 
alternative to both surgical and percutaneous endoscopic gastrostomy [1-3]. The 
advantages of the percutaneous approach include the use of a local anesthetic, 
accurate localization of the stomach and overlying organs, and elimination of the 
need for either an endoscopic or a surgical procedure. 

The most common indication for gastrostomy is enteral nutrition (gastric or 
jejunal) in patients who cannot tolerate oral feeding. Less commonly, gastrostomy 
tubes are placed for either temporary or long-term decompression of intestinal 
obstruction [4]. In the past, surgical gastrostomy has been advocated as an 
alternative to nasogastric suction for the temporary decompression of intestinal 
ileus after abdominal surgery [5-8]. There have also been several reports of 
endoscopic and radiologic percutaneous gastrostomy tube placement for long- 
term palliation in patients with malignant intestinal obstruction [9-12]. 

We report our experience with percutaneous gastrostomy for long-term intestinal 
decompression in patients with intractable nausea and vomiting associated with 
chronic bowel obstruction, either benign or malignant. 


Materials and Methods 


Between May 1986 and September 1987, we performed percutaneous gastrostomies in 
46 patients. In six of these patients, the procedure was performed because of chronic 
intestinal obstruction. 

There were five women and one man ranging in age from 35 to 72 years. The indication 
for gastrostomy placement in all six patients was intractable nausea and vomiting associated 
with chronic bowel obstruction. Causes included peritoneal metastases from ovarian carci- 
noma (two patients), cervical carcinoma (one patient), colon carcinoma (two patients), and 
chronic relapsing pancreatitis with duodenal obstruction (one patient). The five patients with 
cancer were terminally ill with widespread carcinomatosis. They had multiple sites of small- 
bowel obstruction and were not considered candidates for surgical resection. 

Coagulation studies were obtained prior to the procedure in all patients. Fluoroscopic 
guidance was used in five patients, and CT guidance was used in the sixth. All procedures 
were performed under local anesthesia. An IV analgesic was given when necessary. 

The technique used was identical to that used for feeding gastrostomy placement. The 
stomach is distended with air via a nasogastric tube and is then punctured with an 18-gauge 
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needle, taking care to avoid overlying bowel. An 0.038-in. (0.097-cm) 
guidewire (Amplatz extra-stiff wire, Cook, Bloomington, IN) is passed 
into the stomach, and the tract is sequentially dilated to 18-French 
by using coaxial dilators (Cook biliary dilators). Care is taken to be 
certain that the dilators enter, rather than displace, the stomach. 
Finally, a 20-French Cook peel-away sheath is placed, and a 16- or 
18-French Foley balloon catheter (with a 30-ml balloon) is passed 
through it into the stomach. An end hole is cut in the Foley catheter 
so it can be passed over the guidewire. The balloon on the Foley 
catheter is inflated and pulled back against the anterior stomach wall. 
The catheter is stitched in place and left to gravity drainage. Naso- 
gastric suction is continued overnight, and the nasogastric tube is 
removed the following day. 

Long-term gastrostomy tube management consisted of daily 
dressing changes with local wound care. Irrigations were rarely 
needed and were used only when drainage decreased or stopped. 


Results 


The gastrostomy tubes functioned well in all six patients, 
eliminating the need for nasogastric suction. All patients had 
persistent relief of nausea and vomiting after removal of their 
nasogastric tube. Gravity drainage was used in all cases, and 
gastric outputs averaged 800-1500 mi/day. Two patients’ 
tubes required intermittent daily irrigation to maintain patency. 

No complications occurred. All patients had stable hema- 
tocrits after tube placement. One patient died in the hospital 
20 days after the procedure as a result of a primary malig- 
nancy. The other four patients with malignancies died out of 
the hospital as a result of their primary disease 27-54 days 
after tube placement. The sixth patient, who has chronic 
recurrent pancreatitis, continues to require gastrostomy de- 
compression 4 months after tube placement for chronic duo- 
denal obstruction. Surgical decompression was not per- 





Fig. 1.—Patient with small-bowel obstruction due to widely metastatic colon cancer, peritoneal 
carcinomatosis, and adhesions. 
A, CT scan shows that only access to stomach (S) is through lateral tip of left lobe of liver (arrows). 
Bowel (arrowheads). 
B, 8-French gastrostomy tube was successfully placed with CT guidance. 
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formed in this patient in the hope that the duodenal obstruc- 
tion would subside with resolution of the pancreatitis. 

Two patients required modification of the standard tech- 
nique. The first was a 37-year-old man with long-standing 
ulcerative colitis and widely metastatic colon cancer. He had 
had multiple episodes of small-bowel and gastric outlet ob- 
struction caused by peritoneal carcinomatosis and adhesions. 
A surgical gastrostomy was attempted but was unsuccessful 
because the stomach could not be dissected free of overlying 
bowel. A percutaneous gastrostomy tube was placed with 
CT guidance (Fig. 1). The tract passed through the lateral 
margin of the left lobe of the liver, as this was the only route 
available that avoided overlying bowel. Initially, an 8-French 
catheter was placed. This was exchanged for an 18-French 
Foley catheter after dilatation of the tract 8 days later. 

The second patient had stage IIIB cervical carcinoma that 
previously had been treated with multiple abdominal surgical 
procedures and extensive pelvic radiation therapy. CT scan 
showed multiple peritoneal tumor implants. She presented 
with severe nausea and vomiting caused by a high-grade 
small-bowel obstruction. Because of the extensive peritoneal 
carcinomatosis, as well as bowel adhesions, the only access 
to the stomach was through the transverse mesocolon (Fig. 
2). Initial placement of a 16-French Foley catheter was un- 
eventful. 

Neither of these two patients had any difficulty related to 
the access route used. 


Discussion 


Long-term nasogastric suction is the traditional treatment 
for surgically uncorrectable bowel obstruction, either benign 
or malignant. Nasogastric suction requires the placement of 





Fig. 2.—Patient with multiple partial small- 
bowel obstructions due to extensive peritoneal 
tumor implants from cervical carcinoma. Serosal 
surface of transverse colon is involved with tumor. 
Colon is filled with barium from a previous small- 
bowel contrast study and is fixed in left upper 
quadrant. Gastrostomy tube (solid arrow) passes 
through transverse mesocolon. Nasogastric tube 
(open arrows) is used to inflate stomach with air. 
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a large, stiff tube through the nasopharynx. These tubes are 
uncomfortable and may result in significant morbidity, includ- 
ing nasal cartilage erosion, otitis media, and aspiration pneu- 
monia. In addition, management of nasogastric tubes usually 
requires hospitalization, and the patient’s mobility is limited 
because of the requirement for continuous suction. 

Gastrostomy is an attractive alternative for bowel de- 
compression. Patients requiring long-term bowel decompres- 
sion are more comfortable with gastrostomies than with na- 
sogastric tubes. The risk of pulmonary aspiration is lower 
because no tube passes through the gastroesophageal junc- 
tion [4, 7, 8]. Other complications associated with nasogastric 
tubes are also eliminated. Finally, the gastrostomy tube is left 
to gravity drainage, and patients can be cared for at home or 
in a hospice setting. 

The subset of patients requiring bowel decompression 
presents several difficulties not seen in patients for whom 
gastrostomies are placed for enteral nutrition. Both the large 
and small bowel are frequently involved with tumor. In addi- 
tion, adhesions are commonly present as a result of previous 
surgery and/or radiation therapy. Therefore, direct access to 
the stomach may be limited. In fact, surgical gastrostomy 
placement was not possible in one of our patients because 
of extensive adhesions and peritoneal carcinomatosis. Direct 
CT guidance provided an easy access route through the left 
lobe of the liver. In another patient, the only approach was 
through the transverse mesocolon. Tube placement was ac- 
complished without complication. Endoscopically guided gas- 
trostomy in this group of patients may be difficult because 
overlying bowel cannot be visualized directly as it can with 
fluoroscopy or CT. 

Patients with malignant bowel obstruction often have as- 
cites. We consider massive ascites to be a relative contrain- 
dication to percutaneous gastrostomy. Continued ascitic leak 
at the gastrostomy site may develop and result in difficult 
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local management problems [4]. In fact, we declined percu- 
taneous gastrostomy placement in one patient who had mas- 
sive ascites associated with multiple sites of small-bowel 
obstruction caused by metastatic ovarian carcinoma. 

In conclusion, we believe that percutaneous gastrostomy 
is safe and provides excellent, comfortable palliation for in- 
tractable nausea and vomiting in patients with chronic intes- 
tinal obstruction. 
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Seminars in Interventional Radiology. Pain Control and Neural Blockade in Interventional Radiology. Guest 
editors: Robert P. Lieberman and Linda J. Miwa. New York: Thieme, September 1987;4(3):135-217. $18; by 


subscription, 4 issues annually for $56 


This issue of Seminars in Interventional Radiology is intended for 
radiologists who perform procedures that are painful in themselves 
or are intended to relieve pain. Articles written by clinical pharmacists, 
anesthesiologists, and radiologists are intended, as stated by the 
authors,” to draw from several disciplines a current, comprehensive, 
and usable review of pain control.” Six papers contributed by the 
College of Pharmacy, University of Nebraska, deal with specific drug 
categories, including barbiturates, benzodiazepines, narcotics, chloral 
hydrate, nitrous oxide, ketamine, agonist-antagonist opioids, and 
droperidol. These articles provide an excellent current source of 
information on these drugs and include extensive references. The 
authors have combined well-organized descriptions of mode of ac- 
tion, contraindications, side effects, and drug interactions with dis- 
cussions of specific dosage schedules. Particularly helpful is the 
coverage of the newer benzodiazepines that are being used in many 
departments for radiologic procedures and for which information is 
lacking in physicians’ standard sources on drugs. 

Two papers deal specifically with sedation in children. The choices 
among chloral hydrate; a combination of drugs, such as the “lytic 
cocktail”; and nitrous oxide analgesia are discussed. Proper emphasis 
is placed on the need to decide individual cases on the basis of age- 
related sensitivity, volume of distribution, metabolism, and clearance, 
rather than to adopt a “routine” prescription. Useful information on 
these factors in children is provided. 

Two papers by anesthesiologists discuss standards of care for 
monitoring patients during procedures that include the use of seda- 
tion. The American Society of Anesthesiologists Committee on Stand- 
ards of Care has recommended that the patient's oxygenation, 
ventilation, circulation, and temperature be evaluated regularly at 
frequent intervals. The authors suggest that “pulse oximetry, EKG, 
and automated blood pressure monitoring become the norm on every 
patient in the interventional radiology suite with more invasive moni- 
toring as dictated by the patient's physical status.” This prudent 


recommendation should help interventional radiologists obtain fund- 
ing for appropriate monitoring equipment. 

Rholl, vanBreda, and Katzen of Alexandria, VA, provide a good 
review of the use of nitrous oxide analgesia in radiologic procedures 
that is based on their experience with more than 300 cases. Three 
papers describe specific procedures for regional blocks: percuta- 
neous lumbar sympathectomy, sciatic nerve block, and celiac gan- 
glion block. These detailed descriptions of technique and the accom- 
panying references will be useful to radiologists who wish to under- 
take these procedures. Tan and Spigos of the University of Illinois 
have used sciatic block to prevent the discomfort associated with 
lower extremity angiography. Few angiographers would think that 
this was necessary in the current era of less irritating, low-osmolality 
contrast agents. Muehle et al. from the University of California, San 
Diego, discuss celiac ganglion block and describe a unique anterior 
approach that they have begun to use successfully. 

One area that | think deserves more attention than has been given 
to it is the use of and choices among local anesthetics. The one 
paper dealing with these agents, by Landers and Hurlbert, does 
provide excellent information on the mechanism of allergic reactions 
and how to deal with the patient who has had an allergic reaction to 
local anesthetics. However, noticeably missing is a review of available 
infiltration agents and the rationale for selection of concentration, 
dosage, and techniques as applied to radiologic procedures. 

This issue of Seminars in Interventional Radiology is an excellent 
and much needed source of information for radiologists who use the 
types of pharmaceuticals discussed in it. | strongly recommend that 
it be read and kept available as a ready reference. 


Kevin G. Ryan 
Woodland Clinic Medical Group 
Woodland, CA 95695 
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Infarcted Meckel Diverticulum Detected by CT 


Paul D. Russ,’ Geoffrey D. Friefeld,’ Charles J. Nauck,” and Robert J. Wilmouth? 


A preoperative diagnosis of complicated Meckel diverticu- 
lum can be difficult to establish and is not often considered in 
the adult patient [1]. The clinical manifestations are frequently 
nonspecific and can mimic other pathologic conditions, such 
as appendicitis, Crohn disease, and peptic ulcer [1-3]. Var- 
ious imaging techniques have been used to diagnose Meckel 
diverticulum, but few cases evaluated by CT have been 
described [2]. We report an unusual case of an infarcted, 
twisted Meckel diverticulum that was detected preoperatively 
by CT. 


Case Report 


A 59-year-old man had had severe pain in his right lower quadrant, 
associated with anorexia and watery diarrhea, for 2 days. The ab- 
domen was tender, with rebound and guarding in the right lower 
quadrant. Bowel sounds were absent. The WBC count was 21,700/ 
mmê. 

CT performed with oral and IV contrast media showed an unopa- 
cified sausage-shaped structure (3.0 x 9.8 cm) in the lower midab- 
domen (Fig. 1A). The mean attenuation coefficient of the mass was 
12H. 

On the patient's second day in the hospital, a fever developed, 
and peritoneal signs worsened. At surgery, an infarcted, unperforated 
Meckel diverticulum was found arising from the distal ileum. Patho- 
logic examination of the specimen (Fig. 1B) confirmed the presence 
of a Meckel diverticulum with hemorrhagic necrosis. 


Discussion 


Meckel diverticulum is the most common congenital anom- 
aly of the gastrointestinal tract; it occurs in approximately 2- 


3% of the population [2]. Embryologically, it is derived from 
the unobliterated proximal remnant of the omphalomesenteric 
duct [1]. Extending as a tubular or saccular outpouching from 
the antimesenteric border of the ileum, a Meckel diverticulum 
is located approximately 80-85 cm proximal to the ileocecal 
valve [2, 4]. 

Complications of Meckel diverticulum include obstruction, 
hemorrhage, inflammation, perforation, and herniation [3]. 
Although the diverticula are lined by ileal mucosa, heterotopic 
gastric mucosa is found in 15-50% of them, and its presence 
contributes to ulceration and bleeding [1, 2, 4]. Intestinal 
obstruction associated with Meckel diverticulum can be 
caused by volvulus or intussusception. A fibrous cord derived 
from the distal onphalomesenteric duct can persist and con- 
nect the Meckel diverticulum to the umbilicus, predisposing 
to volvulus. Loops of bowel adjacent to the diverticulum 
usually are incorporated into a volvulus; an isolated axial 
volvulus of the Meckel diverticulum only is unusual [1, 2]. 

Most persons who have Meckel diverticulum remain 
asymptomatic. The occurrence rate of complicated Meckel 
diverticulum has been reported to be 15-40% [1, 2 4], 
although Soltero and Bill [5] estimated that the lifetime risk is 
4%. Symptoms are more frequent during childhood, anc the 
frequency of complications decreases with age [5]. Bleeding 
and intussusception tend to occur before the affected person 
is 2 years old. In adults, obstruction and inflammation are 
relatively more common than hemorrhage [3, 6]. 

Diagnostic imaging in symptomatic adults who have Meckel 
diverticulum yields variable results. Plain film findings are 
usually nonspecific [2]. The routine small-bowel follow- 
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through examination can detect Meckel diverticulum, but it is 
considered less sensitive than enteroclysis [7, 8]. Pertechne- 
tate radionuclide scintigraphy can accurately diagnose ectopic 
gastric mucosa in bleeding Meckel diverticulum [6]. Although 
CT often is used to evaluate patients with abdominal com- 
plaints, its role in detecting complicated Meckel diverticulum 
remains uncertain [2]. 

Preoperative CT in our patient suggested an inflammatory 
lesion of the distal small bowel. The differential diagnosis 
included Crohn disease, interloop abscess, intussusception, 
and bowel ischemia. A tumor, such as lymphoma, carcinoid, 
or metastasis, was considered less likely because of the 
uniform water-density of the lesion. Although attachment by 
a fibrous cord to the umbilicus was absent, infarction of a 
twisted Meckel diverticulum was found to be the cause of the 
patient's abdominal complaints. 


RUSS ET AL. 
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Fig. 1.—Meckel diverticulum in 59-year-old 
man. 

A, CT scan of lower abdomen shows unopa- 
cified water-density mass (arrow). Note inflam- 
matory changes in surrounding small-bowel 
mesentery. 

B, Photograph of resected diverticulum made 
before specimen was sectioned. Exterior sur- 
face is covered by hemorrhagic exudate from 
transmural necrosis and serositis. 
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Carcinoma of the Colon: Detection 
and Preoperative Staging by CT 





This report analyzes the detection rate and role of CT in the preoperative evaluation 
of 90 consecutive, proved cases of colon carcinoma. In this study, the overall detection 
rate was 84%; however, the rate varied from 68% in unprepared colons to 95% in clean 
colons that were adequately distended with air. Sensitivity of detection depends mainly 
on the size of the lesion and the quality of the examination. CT was less sensitive than 
barium enema in detection, but it had a similar specificity in differentiating neoplastic 
lesions from inflammatory lesions. On the basis of our criteria of staging, CT evaluation 
resulted in a sensitivity of 55% for local invasion, 73% for regional nodes, and 79% for 
liver metastases. Compared with Dukes classification, CT correctly staged 64% of all 
patients but showed significant variations in staging different groups with lower results 
in the Dukes A, B, and C patients. CT, however, showed a sensitivity of 81% and a 
positive predictive value of 100% in detecting Dukes D lesions. 

In general, although negative CT findings do not help in staging a colonic tumor, 
positive findings are highly indicative of neoplastic spread. We believe that this feature 
justifies the use of CT in the preoperative evaluation of colonic tumors. 


CT is used today in the evaluation of patients with known colonic carcinoma as 
well as for the occasional detection of colonic tumors in patients with nonspecific 
abdominal complaints. The CT features of colonic carcinoma are generally known 
[1-3], but the usefulness of CT as a preliminary screening technique, its rate of 
detection, and its role in preoperative staging remain controversial. Preliminary 
reports have described staging accuracy rates of 90-100% [1, 2, 4-6]; other 
investigators, however, have expressed reservations [7, 8] and have shown that 
only 60% of rectosigmoid lesions [9] and as few as 48% of colorectal lesions [10] 
can be staged correctly. On the basis of these reports, it has been argued that 
preoperative local staging of colonic carcinoma is clinically useless, and therefore 
it is not recommended. Since the number of reported cases is limited, we have 
described our experience with 90 consecutive patients who had primary carcinoma 
of the colon. We will attempt to document the CT detection rate, compare detection 
by CT with detection by barium enema, and evaluate the role of CT in the 
preoperative staging of these patients. 


Materials and Methods 


Preoperative CT scans obtained within the past 4 years in 90 consecutive patients with 
carcinoma of the colon were reviewed retrospectively. In 51 of these patients, the results of 
barium enema examination also were available for review. The pathologic diagnosis was 
confirmed in every case, and gross specimens or surgical descriptions with histo‘ogic 
confirmation were available in all patients. This series included 47 men and 43 women ranging 
in age from 34 to 92 years (mean, 61 years). In most patients, the presence and site of the 
colonic tumor was known at the time of the CT examination. The tumors were initially 
diagnosed by CT in 11 patients and were later confirmed by barium enema and/or colonos- 
copy. There was no control group to allow a determination of false-positive cases. 
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CT examinations were performed on a GE CT 8800 unit (General 
Electric Medical Systems, Milwaukee, WI), and standard techniques 
were used. Unless contrast material was contraindicated, patients 
received an IV bolus injection of 50 ml diatrozoate 50%, followed by 
a rapid drip infusion of 300 ml of 30% iodinated contrast material. In 
eight patients, only nonenhanced images were obtained. All patients 
received 700-800 ml of 2% diluted barium solution given orally, 50- 
60 min before scanning. Transaxial images 10 x 10 mm (58 patients) 
or 10 x 15 mm (82 patients), covering the entire abdomen and pelvis 
were obtained initially. In addition, in 18 patients repeat CT exami- 
nations were done, with 5 x 5 mm sections over the region of 
interest. Air insufflation of the colon [11, 12] with adequate distension 
was achieved in 56 patients. No attempt was made to visualize and 
distend the colonic lumen in the remaining 34 patients. 

Colonic tumors were visualized by CT in 76 patients (84%), and 
CT staging was performed without the knowledge of the pathologic 
findings. The following three parameters were established and eval- 
uated: (1) local extramural invasion (irregular serrated or spiculated 
outer contour, tumor mass or strands of soft tissue extending out, 
and/or streakiness of the pericolic fat); (2) regional nodes (a single 
adjacent node 1 cm or larger or a cluster of three or more nodes, 
each less than 1 cm in diameter); (3) distal and/or extensive disease 
(liver metastases, intraperitoneal and mesenteric tumor, distal retro- 
peritoneal adenopathy, and direct extension into adjacent solid or 
hollow organs). 

Among the 90 cases surveyed, 46 tumors (50%) were located in 
the rectosigmoid, nine in the descending colon, 11 in the transverse 
colon, and 24 in the cecum and ascending colon. 


Results 
Detection 


CT detected the colonic tumor in 76 cases but failed to 
detect it in 14 cases, giving a sensitivity of 84%. The 14 
lesions that were missed were evenly distributed throughout 
the colon and ranged in size from 3 to 6 cm. Three of the 
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undetected tumors belonged to the group of 56 patients 
examined after colonic air insufflation (5%), while 11 tumors 
were missed in the group of 34 patients examined without air 
distension (32% undetected rate). Each tumor had a density 
that was similar to or slightly higher than that of adjacent 
muscle and appeared either as a circumferential mass (Fig. 1) 
(63 patients) or as a discrete focal mass (Fig. 2) (13 cases). 
The thickness of the tumors varied from 1 to 10 cm, but most 
were between 2 and 4 cm (mean, 3.4 cm). Most lesions had 
an uneven, lobulated configuration (Fig. 3), and only four 
showed perfectly symmetric wall thickening (Fig. 4). The CT 
density of the tumor was homogeneous in 45 cases (Figs. 3 
and 4) and was nonhomogeneous (with patchy areas of low 
attenuation) in the remaining 31 cases (Fig. 5). CT density did 
not correlate with histologic type but did correlate with tumor 
size. The majority of the large lesions (>5 cm in diameter) 
showed patchy areas of low density. 


CT-Barium Enema Correlation 


Barium enema examinations were reviewed in 51 patients. 
All lesions were visualized by barium enema, including those 
detected by CT and two that were missed by the CT exami- 
nation. The extent of involvement was better visualized on 
barium studies, but the thickness of the tumor as well as the 
presence and degree of exophytic involvement could be es- 
tablished only by CT. In three patients, barium enema exam- 
inations showed irregular, thickened mucosal folds and spas- 
ticity consistent with a segmental inflammation lesion (Fig. 6). 
In these cases CT established the correct diagnosis of tumor 
by showing a typical lobulated and asymmetric soft-tissue 
mass. In three other instances the CT features resembled 
diverticulitis and showed only slight symmetric wall thickening 
and streakiness of the pericolic fat (Fig. 7). In these cases 
barium studies established the correct diagnosis. 





A 


Fig. 1.—CT scan is true positive for local inva- 
sion. Cross section of carcinoma of ascending 
colon (solid arrows). Air-filled lumen is irregular, 
and wall is circumferentially thickened, lobulated, 
and slightly fuzzy in appearance. Soft-tissue den- 
sities are seen in adjacent pericolic fat (open ar- 
rows). Pathologic examination showed tumor in- 
vasion into pericolic fat. 


Fig. 2.—CT scan is true negative for local invasion and regional adenopathy. Rectal carcinoma 
visualized only after air insufflation. 

A, Initially rectum is partially distended and tumor is not well visualized. 

B, After air distension, a sharply defined focal lesion of left anterior rectal wall is seen (arrow). 
Pathologic studies showed only muscle invasion and no regional lymphadenopathy. 
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Fig. 3.—CT scan. Longitudinal section of a 
sigmoid lesion shows narrowed irregular lumen, 
posterior overhanging edge, and a lobulated 
asymmetric outer contour (arrows). Tumor is in- 
filtrating sigmoid colon circumferentially, has a 
homogeneous density slightly higher than that 
of adjacent muscle, and is sharply delineated. 
Pathologic studies showed tumor invasion into 
pericolic fat. 





A 


Fig. 6.—CT scan shows carcinoma of cecum. 


Fig. 4.—CT scan is false negative for invasion 
and false positive for nodal involvement. Mucinous 
carcinoma of hepatic flexure presents as symmet- 
ric and circumferential wall thickening and severe 
narrowing of colonic lumen. Tumor has a homo- 
geneous soft-tissue density and a sharply defined 
outer contour (solid arrow). Two small adjacent 
nodes are seen (open arrow). Pathologic studies 
showed serosal invasion and only reactive nodes. 





Fig. 5.—Mucinous carcinoma of cecum pre- 
senting as large soft-tissue mass of anterior wall 
with intraluminal and exophytic components (ar- 
row). Note lack of homogeneous density with 
multiple ill-defined patchy areas of low density 
haphazardly distributed through tumor. Patho- 
logic studies showed tumor extension into fat 
and positive nodes. 
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A and B, Barium enema (A) and small-bowel examination (B) show irregular, nodular thickening of mucosal folds and spasticity (arrows). Cecal 


inflammatory lesion was initially considered. 


C, CT examination reveals a large, circumferential, lobulated soft-tissue mass typical of adenocarcinoma (arrow). Pathologic studies revealed tumor 


extension into fat and positive lymph nodes. 


Staging 


On the basis of our criteria of staging and after a review of 
the pathologic findings, the CT evaluation yielded the following 
results. 

Local invasion.—Tumor invasion of serosa and/or pericolic 
fat was correctly staged by CT in 44 (58%) of the 76 cases. 
In the group that was incorrectly staged, CT overstaged two 
cases (6%) and understaged 30 cases (94%). There were 37 
true-positive cases (Figs. 1 and 8), two false-positive cases, 
30 false-negative cases (Fig. 4), and seven true-negative 


cases (Fig. 2). CT evaluation resulted in a sensitivity of 55% 
and a specificity of 77%. While the negative predictive value 
was 19%, CT exhibited a 95% positive predictive value in 
determining the existence of local tumor invasion beyond the 
muscle coat. 

Regional nodes.—Nodal involvement was correctly staged 
by CT in 52 (68%) of 76 cases. In the group that was 
incorrectly staged, CT overstaged 10 (42%) and understaged 
14 (58%) of 24 cases. There were 38 true-positive cases 
(Figs. 8 and 9), 10 false-positive cases (Fig. 4), 14 false- 
negative cases, and 14 true-negative cases. CT evaluation 
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Fig. 7.—CT scan is false negative for invasion 
and true positive for nodes. On CT, sigmoid 
carcinoma has features that resemble diverticu- 
litis (solid arrows). Note slight thickening of sig- 
moid wall and some streakiness, with an in- 
crease in density of pericolic fat. Cluster of few 
small nodes is seen posterior to sigmoid colon 
(open arrow). Pathologic examination showed 
serosal and vascular invasion, and one of nine 
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Fig. 8.—CT scan is true positive for local 
invasion and regional adenopathy. Sigmoid car- 
cinoma shows an irregular serrated outer con- 
tour (open arrows) and multiple small pericolic 
soft-tissue densities representing lymph nodes 
less than 1 cm in diameter (arrowheads). Path- 
ologic findings were consistent with pericolic fat 
infiltration, invasion into lymphatics, and positive 
regional nodes. 
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Fig. 9.—CT scan is true positive for regional 
adenopathy. Carcinoma of right colon appears as 
a lobulated apple-core lesion with a few large 
adjacent lymph nodes (arrow). Pathologic findings 
were positive for pericolic fat invasion and regional 
lymphadenopathy. 


nodes was positive for tumor. 


yielded a sensitivity of 73% and a specificity of 58%. The 
positive and negative predictive values were 79% and 50%, 
respectively. 

Distal and/or extensive disease.—Liver metastases were 
present in 19 patients. CT correctly staged liver metastases 
in 71 (93%) of 76 cases. Among the five cases that were 
incorrectly staged, CT overstaged one case and understaged 
four cases. There were 15 true-positive cases, one false- 
positive case, four false-negative cases and 56 true-negative 
cases. The only false-positive case was a small hepatic he- 
mangioma that was interpreted as metastasis. CT evaluation 
resulted in a sensitivity of 79% and a specificity of 98%. The 
positive and negative predictive values were 94% and 93%, 
respectively. 

CT correctly staged nine of the 14 cases of tumor invasion 
of adjacent solid or hollow organs (Fig. 10). Mesenteric and 
omental metastases and peritoneal seeding were correctly 
diagnosed in four patients (Fig. 11) but were missed in two. 
Distal retroperitoneal metastases were detected in three pa- 
tients. All cases missed on CT were understaged without any 
false-positive interpretations. 


Discussion 
Detection 


The sensitivity of CT detection depends mainly on the size 
of the lesion and the quality of the CT examination. In this 
series the overall detection rate was 84%; however, it varied 
from 95% when the colonic lumen was distended with air to 
68% if no special attempts were made to promote visualiza- 


tion of the colonic lumen (Fig. 2). Most of the tumors that 
were missed occurred in partially collapsed colons that con- 
tained fecal material that interfered with visualization. When 
optimal visualization is achieved, the CT features of colonic 
carcinoma are characteristic, leading to a correct diagnosis in 
most cases. In this series, as expected, CT was less sensitive 
than barium enema in detecting colonic tumors; however, CT 
was as accurate as barium enema in differentiating neoplastic 
from inflammatory colonic lesions. The typical diagnostic fea- 
tures of tumors on CT are short segment of focal or circum- 
ferential wall thickening, soft-tissue density that is either 
homogeneous or that contains patchy areas of low attenua- 
tion, narrowed lumen and asymmetric, lobulated configuration 
(Figs. 1, 3, 5). In only 4% of tumors in this series, the CT 
features were atypical and were considered compatible with 
diverticulitis (Fig. 7). 


Staging 


Analysis of the data reveals that CT correctly staged all 
three parameters (local invasion, nodal disease, and distant 
metastases) in only 41% of the evaluated cases (31/76). This 
lack of correlation is not surprising when comparisons are 
made between an imaging technique that evaluates gross 
morphology with a pathologic assessment that is based on 
histologic examination. Thus, microscopic invasion of serosa, 
normal-sized nodes partially replaced by tumor, small (<1 cm) 
peritoneal implants, and liver metastases generally are missed 
by the CT examination. Since previous reports [9, 10] have 
shown that the main limitation of CT is in understaging colonic 
tumors (high rate of false-negative findings), we have applied 
stringent criteria to staging and have considered 1-cm regional 
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Fig. 10.—CT scan is true positive for adjacent 
organ invasion. Rectosigmoid carcinoma with in- 
vasion into urinary bladder (arrow). CT findings 
were proved at surgery; lesion was considered 
unresectable. 


Fig. 11.—CT scan is true positive for perito- 
neal metastases. Primary cecal carcinoma (open 
arrow) with extensive mesenteric and omental 
metastases {solid straight arrows). Metastatic 
nodes are seen in mesentery (solid curved ar- 
row). CT findings were proved at laparotomy; 
lesion was considered unresectable. 


lymph nodes and clusters of three or more nodes (each <1 
cm) positive for metastases. In this series, with one exception, 
all patients with nodes larger than 1 cm had pathologic 
evidence of nodal involvement. Our criteria for evaluation of 
nodal disease significantly increased the accuracy of CT, but 
did not achieve a sufficiently high sensitivity to be considered 
Clinically useful. In addition, there was no correlation between 
the number of neoplastic nodes on CT vs pathologic exami- 
nation and that generally many more positive nodes were 
found at surgery than on CT. Data obtained from the three 
parameters evaluated showed a 55% sensitivity for local 
invasion, 73% for regional nodes, and 79% for liver metas- 
tases. Results that should be considered potentially useful in 
the CT evaluation are the high positive predictive values of 
95% for local invasion, 94% for liver metastases, and 100% 
for peritoneal metastases and invasion of adjacent organs. 


Overall Staging: CT vs Dukes Classification 


The strengths and weaknesses of CT staging can be better 
appreciated when the CT results are compared and correlated 
with a modified Dukes classification: stage A (tumor limited 
to colonic wall); stage B (spread by direct extension to serosa 
and/or pericolic fat); stage C (involvement of regional nodes); 
stage D (involvement of adjacent organs; peritoneal, distal 
metastases; and/or liver metastases). Analyzed data in this 
series show that compared with the Dukes classification, CT 
correctly staged only 64% of all cases. CT staging accuracy, 
however, showed significant variations among different 
Dukes categories. It correctly staged four (57%) of seven 
patients with Dukes A lesions, two (17%) of 12 patients with 
Dukes B lesions, 17 (68%) of 25 patients with Dukes C 
tumors, and 26 (81%) of 32 with Dukes D tumors. Most of 
the inaccuracies (21 cases) occurred in the lower (A, B, and 
C) Dukes stages, and the best result was the 81% correct 
staging of Dukes D lesions. In addition, all patients with stage 
D on CT had pathologically proved Dukes D lesions, leading 
to a 100% positive predictive value. 

Our data regarding the overall sensitivity of local staging of 
neoplasm of the colon are roughly similar to the recent series 
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by Freeny et al. [10] and Thompson et al. [9]. However, the 
high sensitivity and high positive predictive value of CT in 
detecting Dukes D lesions have not been previously empha- 
sized. In this series one-third of our patients had Dukes D 
lesions, and all eight patients considered unresectable at 
laparotomy had striking CT changes showing peritoneal me- 
tastases and/or local invasion of adjacent organs (Figs. 10 
and 11). While inaccuracies in CT staging of Dukes A, B, or 
C lesions do not affect surgical treatment, detection of Dukes 
D lesions may lead to changes in surgical planning or preop- 
erative management. Surgical resections may be considered 
useless or not feasible; limited resections may be done instead 
of extensive curative procedures; or radiation and/or chemo- 
therapy may be indicated before surgery. For this reason we 
believe that the preoperative CT evaluation of neoplasms of 
the colon is useful. In addition, CT is superior to any other 
single staging technique and can be used to assess the entire 
peritoneal cavity, retroperitoneum, and solid organs during a 
single examination. If any imaging technique is considered in 
the preoperative workup, CT should be regarded as the 
technique of choice. 

On the basis of the data reported in this series, the role of 
CT in the detection and preoperative staging of carcinoma of 
the colon can be summarized as follows: (1) The sensitivity 
of CT to detect colonic carcinoma varies from 68% to 95% 
and depends on the size of the lesion and quality of exami- 
nation. Barium enema remains the primary imaging technique 
to detect neoplasia of the colon. When the radiographic 
features on barium enema are atypical, CT helps in the 
preoperative diagnosis. (2) CT has limitations in the overall 
sensitivity and accuracy of local staging of colon carcinoma. 
We advocate its use, however, because it has a high sensitiv- 
ity and a high positive predictive value in detecting advanced 
(Dukes D) lesions. In these patients, clinically unsuspected 
CT findings may lead to changes in either the preoperative 
management or the type of surgical intervention. 


ACKNOWLEDGMENT 


The authors thank Jane Crafts for manuscript preparation. 


306 


REFERENCES 


BALTHAZAR ET AL. 


AJR:150, February 1988 


carcinoma: impact of computed tomography. AJR 1983;140:1137-1142 


7. Grabbe E, Lierse W, Winkler R. The perirectal fascia: morphology and use 
in staging of rectal carcinoma. Radiology 1983;149:241-246 
. Mayes GB, Zornoza J. Computed tomography of colon carcinoma. AJR 8. Adalsteinsson B, Glimelius B, Graffman S, et al. Computed tomography in 
1980;135:43-46 staging rectal carcinoma. Acta Radiol [Diagn] (Stockh) 1985;26:45-50 
. Thoeni RF, Moss AA, Schnyder P, et al. Detection and staging of primary 9. Thompson WM, Halvorsen RA, Foster WL Jr, et al. Preoperative and 
rectal and rectosigmoid cancer by computed tomography. Radiology postoperative CT staging of rectosigmoid carcinoma. AJR 1986;146: 
1981;141 135-138 703-710 
. Fisher JK. Abnormal colonic wall thickening on computed tomography. J 10. Freeny PC, Marks WM, Ryan JA, et al. Colorectal carcinoma evaluation 
Comput Assist Tomogr 1983;7(1):90-97 with CT: preoperative staging and detection of postoperative recurrence. 
. Dixon AK, Fry IK, Morson BC, et al. Preoperative computed tomography Radiology 1986;158:347-353 
of carcinoma of the rectum. Br J Radiol 1981;54:655-659 11. Hamlin DJ, Burgener FA, Sischy B. New technique to stage early rectal 
. Zaunbauer W, Haertel M, Fuchs WA, et al. Computed tomography in carcinoma by computed tomography. Radiology 1981;141:539-540 
carcinoma of the rectum. Gastrointest Radiol 1981;6: 79-84 12. Megibow AJ, Balthazar EJ. Computed tomography of the gastrointestinal 


. van Weas PFGM, Koehler PR, Feldberg MAM. Management of rectal 


tract. St. Louis, MO: Mosby, 1986:23-31, 279-280 


Now Available 
(Limited Quantities) 


1987 American Roentgen Ray Society Categorical Course Syllabus 
Gastrointestinal Radiology 
Editor: Gary G. Ghahremani, M.D. 


Contains 161 pages of textbook-quality information and illustrations reviewing recent advances and current 
concepts in gastrointestinal radiology. Written by leading authorities in the field. 


Send $25 per copy, along with name and address, to: 


American College of Radiology 
Publications Division 

P.O. Box 2348 

Merrifield, VA 22116-2348 


(Price includes shipping/handling charges at book rate. Indicate if first-class delivery requested and add $5 per 
copy.) 





Steven G. Miles’ 
Juri V. Kaude'’ 
Robert C. Newman’ 
William C. Thomas’ 
Clyde M. Williams’ 


Received August 6, 1987; accepted after revi- 
sion September 29, 1987. 


1 Department of Radiology, University of Florida 
College of Medicine and Veterans Administration 
Medical Center, Gainesville, FL. Address reprint 
requests to C. M. Williams, Chief of Nuclear Medi- 
cine (115), Veterans Administration Medical Center, 
1601 S. W. Archer Rd., Gainesville, FL 32602. 


2 Department of Surgery, University of Florida 
College of Medicine and Veterans Administration 
Medical Center, Gainesville, FL 32602. 


3 Department of Medicine, University of Florida 
College of Medicine and Veterans Administration 
Medical Center, Gainesville, FL 32602. 


AJR 150:307-309, February 1988 
0361-803X/88/1502-0307 
© American Roentgen Ray Society 


307 


Extracorporeal Shock-Wave 
Lithotripsy: Prevalence of Renal Stones 
3-21 Months After Treatment 





One hundred and four (70%) of the first 148 patients who underwent extracorporeal 
shock-wave lithotripsy (ESWL) at the University of Florida were evaluated for persistent 
or recurrent renal stone disease. Radiographs obtained 3-21 months after treatment 
showed that 53 (50%) of 106 treated kidneys were free of stones. In 48 of the 53 kidneys 
that contained stones, the stones were residual fragments dating from the period 
immediately after ESWL. New stones had developed in only five kidneys. 

The 50% incidence of stone-free kidneys 3-21 months after ESWL is less than the 
65-90% rate reported by other institutions in the United States and Europe. After stone 
removal by ESWL, new stone formation occurs at a rate of 5%, which is much lower 
than the expected recurrence rate of 37-50%. 


Most of the literature on the efficacy of extracorporeal shock-wave lithotripsy 
(ESWL) is limited to observations made 2-3 months after treatment [1-6]. Only 
two recent communications report a longer-term follow-up of patients, one after 6 
months [7] and the other after more than 1 year [8]. We report an evaluation of 
104 patients in whom the presence or absence of renal stones was determined 
from 3 to 21 months after treatment with ESWL. 


Subjects and Methods 


During the 4-month period from August 15 to December 18, 1984, 148 patients (170 
kidneys) were treated with ESWL for renal stone disease at Shands Hospital of the University 
of Florida. One hundred fifty-one kidneys received one treatment, 18 received two treatments, 
and one received three treatments. ESWL was performed with a Dornier HM-3 lithotriptor 
(Friedrichshafen, W. Germany) applying 200-2800 shocks (average, 1419) at 18-24 kV to 
the kidney in a single treatment. The treatments were performed by two urologists who had 
undergone training in ESWL. Most of the patients were treated while under general anes- 
thesia. After the first 50 cases, the usual ventilatory mode was replaced in some cases with 
high-frequency jet ventilation to reduce kidney movement during respiration [9]. 

Of the first 148 patients, 104 (106 treated kidneys) were evaluated 3-21 months after 
ESWL for the presence of remaining or recurrent stones. We personally evaluated 30 of 
these patients. For the other 74 patients, information about renal stones was obtained from 
the patients’ referring physicians. 

Our evaluation employed 14 x 17 in. (35.6 x 43.2 cm) anteroposterior abdominal radio- 
graphs and 8 x 10 in. (20.3 x 25.4 cm) oblique radiographs of the treated kidney. Any 
detectable calcification (1-2 mm or larger) was regarded as a remaining stone fragment. In 
all patients, radiographs and excretory urograms obtained before and immediately after ESWL 
were available for comparison. 


Results 


The 106 treated kidneys (104 patients) were divided into two groups, depending 
on when the follow-up examinations occurred. Fifty-nine treated kidneys were 
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examined 3-12 months after ESWL. Twenty-nine (49%) of 
these kidneys were free of stones. From 13 to 21 months 
after ESWL, 24 (51%) of 47 treated kidneys contained no 
stones. Altogether, 53 (50%) of 106 treated kidneys in 104 
patients who were followed radiographically 3-21 months 
after ESWL, either in our outpatient clinic or by local physi- 
cians, were free of stones. Of the remaining 53 kidneys with 
stones, 48 had residual stones or stone fragments dating 
from the evaluations immediately after ESWL. In five kidneys 
(5%), there was new stone formation. 


Discussion 


In reports of two groups of West German patients, the 
prevalence of stone-free kidneys 2-3 months after ESWL 
was 90% and 85%, respectively [1, 2]. However, a lower 
prevalence of stone-free kidneys has been reported among 
patients treated in Switzerland and in the United States, 
ranging from 65% to 77% [3-6]. In the 3-21 month interval 
after treatment, the prevalence among our patients of stone- 
free kidneys (50%) was also substantially lower than the 72- 
84% in recently reported long-term follow-up studies from 
West Germany [7, 8]. 

These differences in results cannot be explained by the 
number of shocks per treatment, since the average number 
of shocks applied by us (1419) was higher than the 978 to 
1382 shocks reported by others [1-2, 5-6]. Although a 
chemical analysis was not available in all of our patients, it is 
unlikely that significant differences would exist in composition 
of radiopaque stones, since most (78-91%) [2, 5] were 
calcium oxalate/phosphate stones. The size of stones (3-33 
mm in our first 100 patients [10]) was also comparable with 
that reported from other centers in the United States. Most 
primary stones were smaller than 2 cm, and a few were as 
large as 3 cm at their greatest diameter. 

The relatively small number of evaluated patients could be 
one explanation for the lower rate of stone-free kidneys in 
our treated patients. This follow-up study was limited to the 
group of patients who were treated under the guidelines from 
the United States Federal Drug Administration (FDA) before 
this treatment technique was approved for general use on 
December 19, 1984. We were able to obtain a follow-up in 
104 (approximately 70%) of the 148 patients (106 treated 
kidneys). This compares very favorably both with the results 
reported by Riehle et al. [6], who were able to evaluate 58% 
of their patients, and with those recently reported by Zehntner 
et al. [3], who had a 35% evaluation rate 3 months after 
ESWL. Possibly our material is biased by a higher return rate 
of follow-up patients with symptoms. However, such a bias 
also exists in all follow-up studies without 100% compliance. 

Another possible source of error is our acceptance of the 
reports of referring physicians for 74 of our 104 patients. 
However, the results of Zehntner et al. [3] (65% stone-free 
patients 3 months after ESWL) were based entirely on follow- 
up by the patient's physician. 

The examination technique in the 30 patients who returned 
to our institution for evaluation was important in the detection 
of remaining stone fragments. In other studies [5, 6], radio- 
graphic examinations were performed with only one antero- 
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posterior radiograph, whereas we always obtained an addi- 
tional, collimated oblique film of the treated kidney. With this 
different projection of the kidney and with less scattered 
radiation from a smaller field, small or poorly calcified stones 
in the kidney are detected more readily. Jensen et al. [11] 
have shown that an oblique coned-down view adds to the 
efficacy of stone recognition about as much as tomography 
does. Stones were detected in 17 (55%) of 31 kidneys ex- 
amined radiographically by us and in 36 (48%) of 75 kidneys 
examined by referring physicians. 

The fact that our follow-up time was longer than that used 
by other authors (2 or 3 months) [1, 3, 6] may account for 
our higher stone detection rate. However, this does not 
explain the difference between our results and those of long- 
term follow-up studies recently reported from West Germany 
[7, 8]. ESWL accomplishes stone fragmentation in 95-99% 
of patients. Immediately after ESWL, 15-20% of patients are 
free of stones and 72-76% of kidneys have retained stone 
fragments [4, 10]. We can conclude from these data that the 
spontaneous passage of stone fragments may vary greatly. 

In five patients, small, poorly calcified deposits (not detect- 
able radiographically) possibly served as the nidi for new 
stone formation. In two of the five patients with new stone 
formation, the stones by analysis were 85-90% uric acid. 
One of these patients had Crohn disease, a disorder known 
to be accompanied by formation of renal stones. In three 
patients with recurrent stones, no chemical analysis was 
performed. 

The overall recurrence rate of new stones (five in 106 
kidneys, approximately 5%) is considerably less than the 
expected rate of stone formation of 37-50% in patients with 
untreated kidney stones [12, 13]. We have no definitive 
explanation for this low recurrence rate, although, possibly, 
patients treated with ESWL are more likely to comply with 
recommendations for large intake of fluids and dietary modi- 
fication. Also, the difference between our statistics and the 
usual stone-recurrence rate may relate to the difference in 
length of follow-up, and, with longer follow-up of ESWL 
patients, the rate of new stone formation may also be higher. 
However, Diederichs [8] observed new stones in 35 (3.5%) 
of 1000 patients 19 months after ESWL; this recurrence rate 
is even lower than the one observed by us. 

Despite a long-term success rate (50%) that is less than 
that reported by others, ESWL remains the technique of 
choice for the active treatment of most large kidney stones. 
During the past 2 years, in combination with percutaneous 
nephrostomy and continuous removal of stone fragments 
during ESWL, we have treated larger stones frequently and 
successfully and also have treated infected stones. To pre- 
vent rapid regrowth of struvite stones, all such infected stone 
material should probably be removed. Surgical nephrolithot- 
omy is now required in only about 1% of patients with kidney 
stones [3]. 
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Gallbladder and Bile Duct Imaging. A Clinical Radiologic Approach. By Robert K. Zeman and Morton |. Burrell. 


New York: Churchill Livingstone, 799 pp., 1987. $160 


This impressive treatise on biliary tract imaging is the product of 
long-term collaboration by two respected diagnostic radiologists. 
Their tremendous clinical experience and a critical analysis of the 
pertinent literature form the foundation of this informative and beau- 
tifully illustrated volume. 

The 790-page text is arranged logically into 10 separate chapters. 
The first one describes normal hepatobiliary anatomy and physiology. 
The second provides an overview of various imaging techniques, but 
their specific applications are discussed subsequently in the context 
of the diagnostic approach to individual clinical entities. These are 
covered in chapters 3 through 9, which address subjects such as 
acute and chronic biliary tract diseases, cholecystitis and gallstones, 
diagnosis and management of biliary obstruction, postoperative com- 
plications, and hepatobiliary trauma. The final section of the book is 
devoted to congenital and acquired biliary disorders of children. Each 
chapter has an extensive bibliography that includes pertinent refer- 
ences from 1970 through 1985. 

Unlike the frequently rigid, didactic format of medical textbooks, 
this monograph has a rather semiformal conversational style mixed 
with some witty comments. The authors attempt to interact with the 
reader by presenting questions and answers related to many of the 
diagnostic dilemmas encountered by practicing radiologists or clini- 


cians. A prescriptive “what-to-do” approach is used to simplify deci- 
sion making in the diagnosis and management of biliary tract disor- 
ders. 

This neatly bound and printed book contains 1259 illustrations and 
51 tables. The reproduced radiographs, sonograms, and CT scans 
are of uniformly superb quality, but only a few MR images are 
included. Multiple examples of both common and rare biliary lesions 
are shown in an attempt to cover a wide spectrum of presentations. 
The abundance of illustrated material has led to fragmentation of the 
text, and many of the figures appear several pages after their actual 
citation in the text. 

Drs. Zeman and Burrell have achieved their goal of producing a 
most comprehensive and practical source of information about clinical 
radiology of the gallbladder and bile ducts. This book should appeal 
to a wide audience of physicians who diagnose or treat biliary 
disorders. However, it is also highly recommended as a useful addi- 
tion to the library of all radiology departments. 


Gary G. Ghahremani 
Evanston Hospital 
Evanston, Il 60201 
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Extracorporeal Shock-Wave 
Lithotripsy: Long-Term Complications 





Of 148 patients who had extracorporeal shock-wave lithotripsy (ESWL) for renal 
lithiasis in 1984, 21 (14%) returned after 17-21 months for renal function tests (21 
patients) and blood pressure determination (20 patients). Quantitative radionuclide 
renography showed a statistically significant (p = .048) decrease in the percentage of 
effective renal plasma flow (ERPF) to the treated kidney. Two of these patients had 
developed hypertension requiring treatment but became normotensive when given 
medication. In the other patients there was a statistically significant increase in both 
systolic (p = .0002) and diastolic (p = .015) blood pressures. Information about blood 
pressure was also obtained from an additional 71 (48%) of the 148 patients; of the total 
91 patients (61%) in whom blood pressures were obtained, seven (8%) had developed 
sufficiently severe hypertension to require treatment beginning within 21 months after 
ESWL. 

Side effects of ESWL for renal lithiasis include hemorrhage, edema, and acute tubular 
necrosis of the kidney. This form of renal trauma is associated with an immediate 
decrease in renal function of the treated kidney, and this decrease may be permanent. 
ESWL is also associated with the onset of hypertension, which may occur immediately 
or be delayed by several weeks or months. Although the pathogenesis remains unknown, 
hypertension is an important complication of ESWL in about 8% of patients. 


Extracorporeal shock-wave lithotripsy (ESWL) for renal stone disease [1] was 
first performed at the Shands Hospital of the University of Florida on August 15, 
1984, as an experimental clinical procedure. By December 19, 1984, the date on 
which the United States Federal Drug Administration (FDA) approved the procedure 
for routine use, we had treated 148 patients. Early in our experience with this new 
technique, we encountered the abrupt onset of hypertension immediately after 
ESWL in a patient who also had a perirenal hematoma and a marked decrease in 
the percentage of effective renal plasma flow (ERPF) to the treated kidney. This 
experience prompted a prospective study of renal function and morphology im- 
mediately after ESWL [2]. Quantitative radionuclide renography disclosed reduced 
renal function (a decrease in ERPF of more than 5 percentage units) in 10 (30%) 
of 33 of the treated kidneys, and MR imaging disclosed evidence of renal trauma 
(edema or hemorrhage) in 24 (63%) of 38 of these treated kidneys. A retrospective 
review of the medical records of the first 79 patients in this experimental group 
disclosed that three patients (4%) had developed sustained hypertension immedi- 
ately after ESWL that required antihypertensive medication [3]. These observations 
led us to ask four questions: (1) Is a decrease in renal function after ESWL 
permanent or is it only temporary? (2) Is the hypertension that occurs immediately 
after ESWL temporary, or will it persist? (3) Because renal trauma may induce 
hypertension after a delay of weeks or months, what is the long-term prevalence 
of hypertension? (4) Is there a causal relationship between decreased renal function 
and hypertension after ESWL? 

When permission was obtained from the FDA to perform ESWL on an experi- 
mental basis, it was stipulated that all patients should be examined 3 months after 
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treatment to determine the efficacy of the procedure and to 
discover possible complications. Unfortunately, there was 
poor compliance with this requirement and in the first report 
of the United States cooperative study [4], 3-month follow-up 
data were available in only 37% (926/2501) of the patients. 
For these reasons, we initiated a concerted effort in 1986 to 
have the first 148 patients treated here under the FDA exper- 
imental protocol return to the hospital for evaluation. We 
report the long-term effects of ESWL on renal function as 
determined by renography and the prevalence of hypertension 
occurring after ESWL in this group of patients. 


Materials and Methods 


A letter was sent to all 148 patients asking them to return to the 
hospital for an abdominal radiograph, quantitative radionuclide renog- 
raphy, and blood pressure measurement. Of these 148 patients, only 
21 (14%) returned for the tests 17-21 months after ESWL. The mean 
age of these 21 patients was 51 years (range, 28-68 years); nine 
were women and 12 men. The mean number of shocks per treatment 
was 1400 (range, 800-2000), and the kilovoltage used ranged from 
18 to 24 kV. After these 21 patients had been tested, we were able 
to obtain follow-up information in an additional 71 patients (48%) 
either from the referring physicians or from clinical notes made by 
other physicians at this institution after the ESWL therapy. 


Quantitative Radionuclide Renography 


We used the comprehensive radionuclide renal function test of 
Dubovsky et al. [5] and Kontzen et al. [6] in which 300-500 „Ci 
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(11.1-18.5 MBq) of '*'l-orthoiodohippurate (Hippuran) are adminis- 
tered intravenously 30 min after oral ingestion of 500 ml water. 
Images were obtained with an Ohio Nuclear Series 100 scintillation 
camera (Solon, OH) interfaced with an MDS computer (Ann Arbor, 
MI). Total ERPF was calculated from the formula of Tauxe et al. [7], 
and the percentage of ERPF for each kidney was obtained from the 
1-2 min interval after injection of the radionuclide. 


Blood Pressure 


Pre-ESWL values were obtained from the medical records in which 
systolic and diastolic blood pressures were measured in the hospital 
at 6-hr intervals before ESWL. The average number of measurements 
was 5.6 (range, 2-15). The mean value of the pre-ESWL blood 
pressures was compared with post-ESWL follow-up values obtained 
during the return visit at which time the blood pressure was measured 
at least three times and the lowest value recorded. An increased 
systolic blood pressure was considered to be =150 mm Hg; an 
increased diastolic blood pressure, >95 mm Hg. 


Statistical Analysis 


The Student paired t-test and the Pearson correlation were used 
for the analyses. 


Results 
Comparison of Renal Function Before and After ESWL 


Twenty-one patients had renography after ESWL for com- 
parison with their pretreatment test (Table 1). The total ERPF 


TABLE 1: Correlation of Renal Function and Hypertension Before and After ESWL 
DE a a a a a SS oT) 


Effective Renal Plasma Flow (ml/min) 


Post-ESWL 


Pre-ESWL 
Age Gender Shocks 


Both Treated.” 
Treated 


% 
Both Treated 
Kidneys Kidney Kidney Kidneys Kidney a 


Blood Pressure (mm Hg) 


Pre-ESWL Post-ESWL 
Change Change Change 
in in in 

% Systolic Diastolic Systolic Diastolic Systolic Diastolic 





54 F 800 610 340 56 670 340 
33 M 950 685 300 44 655 355 
55 F 2000 515 210 41 525 220 
62 M 1600 510 255 50 510 230 
68 F 1600 160 60 37 95 10 
37 M 1000 765 445 58 690 395 
45 F 800 380 135 35 355 120 
50 F 1600 505 240 48 525 225 
64 F 2000 645 350 54 675 270 
55 F 900 540 270 50 535 290 
39 M 1600 650 265 44 515 230 
63 F 1600 155 70 45 485 225 
39 M 1600 585 315 54 610 215 
59 M 1600 485 295 61 540 340 
64 M 1400 400 170 43 425 150 
35 M 1600 680 340 50 720 355 
48 M 1600 415 260 63 590 220 
28 M 1200 520 265 51 815 385 
62 M 1100 595 310 52 530 260 
53 M 1000 605 325 54 540 275 
06 F 1700 475 235 49 415 235 
Mean 51 1400 520 260 50 540 255 


SD 41 +380 +150 +90 #7 


45 = 145 89 142 80 a -9 

9 =20 122 76 160 100 +38 +24 
57 =] 112 72 120 80 +8 +8 
33 = 100 59 112 74 +12 +15 
43 <p 135 81 160 78 +25 >g 


40 —14 120 72 156 90 +36 +18 
Normotensive on medication 
45 +1 117 75 126 80 +9 +5 
46 +1 115 79 130 80 +15 +1 
Normotensive on medication 


63 +2 118 83 120 80 ve =9 
35 =E 132 82 150 84 +18 +2 
49 =i 119 83 120 76 +1 =f 


46 —17 136 82 150 90 +14 +8 
Not taken after ESWL 


49 —3 122 79 130 80 +8 +1 
51 a. 132 85 130 84 =< =] 
56 ve 125 66 140 90 +15 +24 
46 123 78 138 84 

£117 +13 +8 +16 £7 


Leena rr ee eee ese e ence eee n  aa a a SS 


Note.—ESWL = extracorporeal shock-wave lithotripsy. 
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to both kidneys increased slightly but not significantly from a 
mean of 520 ml/min before ESWL to 540 ml/min after ESWL. 
There was a slight but also insignificant decrease in the ERPF 
of the treated kidney from a mean of 260 ml/min before ESWL 
to a mean of 255 ml/min after ESWL. However, the percent- 
age of total ERPF to the treated kidney declined from a mean 
of 50% before ESWL to a mean of 46% after ESWL, and this 
decrease was Statistically significant (po = .048). In addition, 
the ERPF to the treated kidney decreased by more than 5% 
in 24% (5/21) of patients. 


Comparison of Blood Pressures Before and After ESWL 


At the time of post-ESWL renography, blood pressures 
were recorded in 20 of 21 patients (Table 1). Five patients 
were taking hydrochlorothiazide before ESWL and recorded 
no change in medication at the follow-up examination. Two 
of 20 patients had developed hypertension after ESWL but 
became normotensive when given medication. The mean 
systolic blood pressure of the remaining 18 patients increased 
from 123 mm Hg before ESWL to 138 mm Hg after ESWL, 
and this increase was statistically significant (p = .0002); the 
mean diastolic blood pressure increased from 78 mm Hg 
before ESWL to 84 mm Hg after ESWL, and this increase 
was also statistically significant (p = .015). One of these 18 
patients was found to have sustained hypertension, and 
antihypertensive medication was started. 

In addition to these 20 patients, we obtained information 
about blood pressure from the medical records or from the 
referring physicians in an additional 71 patients. Four (6%) of 
these 71 patients had developed hypertension after ESWL 
for which medication was administered, thus yielding an over- 
all prevalence of hypertension in seven (8%) of 91 patients. 
Of these seven patients, the onset of hypertension requiring 
treatment was detected immediately after ESWL in three 
instances, at 6-8 weeks in two instances, and between 6 and 
12 months in two instances. 


Correlation Between Renal Function Changes and Blood 
Pressure Changes 


A definite trend indicated a correlation between decreasing 
percentage of ERPF to the treated kidney with increasing 
systolic and diastolic blood pressure in the 18 patients in 
whom all measurements were available, but the correlation 
was not significant in this small series (pọ = .12 for the 
correlation with systolic blood pressure and p = .22 for 
diastolic blood pressure). However, when we compared the 
change in the percentage of ERPF to the treated kidney with 
the absolute blood pressure, we noted a more impressive 
relationship (Fig. 1). With one exception, all patients with a 
change in the percentage of ERPF to the treated kidney in 
the range between —3% and +10% were normotensive. 
Conversely, with two exceptions, all patients with a change 
in the percentage of ERPF between —4% and —28% either 
were hypertensive (systolic = 150 mm Hg and/or diastolic 
> 95 mm Hg) or had become hypertensive after ESWL and 
were normotensive when given medication. Although not 
definitive, these results suggest a long-term correlation be- 
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Fig. 1.—Correlation of change in percentage of effective renal plasma 
flow (ERPF) of treated kidney with blood pressure at 17-21 months after 
extracorporeal shock-wave lithotripsy (ESWL). Left column shows normo- 
tensive patients (systolic blood pressure <150 mm Hg; diastolic blood 
pressure <95 mm Hg). Right column shows hypertensive patients (systolic 
blood pressure =>150 mm Hg and/or diastolic blood pressure 295 mm Hg) 
or patients who had become hypertensive after ESWL and were normoten- 
sive on medication. 


tween decreased renal function of the treated kidney and 
hypertension in patients treated with ESWL. 


Discussion 


The United States cooperative study of ESWL required a 
radionuclide renogram before and 3 months after ESWL. The 
renogram could be performed either with '*'l-orthoiodohip- 
puric acid, an agent that is used to measure ERPF, or with 
™T¢-DTPA, which is used to measure glomerular filtration 
rate (GFR). In either case, the intention was to obtain a 
quantitative estimate of renal clearance. Because renal dear- 
ance of GFR agents is about 20% of renal clearance of ERPF 
agents, the cooperative study report [4] cited only the change 
in total renal clearance 3 months after ESWL. Total renal 
clearances were recorded for 494 patients, of which 241 were 
decreased, five were unchanged, and 248 were increased. 
When individual changes were measured, a statistically sig- 
nificant increase of total renal clearance was found. These 3- 
month post-ESWL results agree well with our 18-month post- 
ESWL results in which 10 of 21 patients had decreased total 
ERPF, one of 21 had the same total ERPF, and 10 of 21 had 
increased total ERPF. Mean total ERPF also increased 
slightly, but this change did not reach significance. 

After unilateral nephrectomy, the remaining kidney may 
undergo compensatory hypertrophy and an increase in ERPF 
[8]. Decreased ERPF to a kidney resulting from renal trauma 
caused by ESWL can probably be compensated for by an 
increased ERPF to a healthy untreated kidney. For this rea- 
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son, the measurement of total renal clearance will not detect 
the presence of an adverse effect of ESWL on a treated 
kidney unless the untreated kidney is unable to respond. A 
compensatory increase in ERPF to the untreated healthy 
kidney may result in an increase in total ERPF to an amount 
greater than the pre-ESWL value, as was noted in the coop- 
erative study [4] and also in the present report. For this 
reason the absolute value of the ERPF to the treated kidney, 
which is obtained by multiplying the percentage of ERPF to 
the treated kidney by the total ERPF, may not change signif- 
icantly. The assessment of a change in renal function after 
ESWL is therefore incomplete without determination of the 
differential renal function of the treated kidney. Future studies 
of the acute and long-term effects of ESWL on renal function 
should always include an analysis of the relative function of 
the treated kidney. 

The normal range of percentage of ERPF to a single kidney 
in a two-kidney healthy patient is 45-55% [9]. Our range of 
35-63% in treated kidneys before ESWL was considerably 
larger than this, presumably because of the presence of 
stones and frequently some obstruction. The reproducibility 
of the percentage of ERPF to a single kidney in a two-kidney 
patient is +3% (Dubovsky EV, personal communication). That 
is, if the percentage of ERPF to a single kidney is 45%, a 
repeat measurement will be between 42% and 48%. Thus a 
decrease in the percentage of ERPF to a single kidney from 
45% pre-ESWL to 35% post-ESWL would be more than three 
times the change expected from the error of measurement. 
In our earlier study of renal function immediately after ESWL 
[2], we found a significant (fp = .025) decrease in the per- 
centage of function of the treated kidney when ERPF was 
measured. We also found that 30% of patients (10/33) had 
an abnormal decrease in the percentage of ERPF to the 
treated kidney of more than 5%. These findings have been 
confirmed by Bomanji et al. [10] who measured GFR in 42 
patients immediately after ESWL. They found a significant (p 
= .01) decrease in the percentage function of the treated 
kidney, and 21% of patients (9/42) had an abnormal decrease 
in renal function of the treated kidney of 8% or more. When 
we used either our criterion of abnormality (a decrease of 6% 
or more) or the criterion of Bomanji et al. (a decrease of 8% 
or more) [10], we found that 24% of patients had an abnormal 
decrease in renal function of the treated kidney at 17-21 
months. The fact that ESWL may result in a significant 
decrease in the percentage of ERPF to the treated kidney, 
both acutely and at 17-21 months, suggests that the de- 
crease in renal function caused by ESWL may be permanent. 
In none of our 21 patients was there evidence of unrecognized 
ureteral obstruction as a possible cause of the decreased 
renal function of the treated kidney. 

Peterson and Finlayson [3] reported a 4% (three of 79 
patients) frequency of sustained hypertension occurring im- 
mediately after ESWL. The data in the present report indicate 
that sustained hypertension, either occurring immediately 
after ESWL or developing several months later, may be 
permanent. The overall frequency of hypertension requiring 
treatment in our patients was 8% (7/91). This frequency is in 
close agreement with the recent report of Lingeman and Kulb 
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[11] who found that 24 (8%) of 295 patients required phar- 
macologic intervention for hypertension that had developed 
during the 1-year period after ESWL. Beyond the age of about 
45 years (in both men and women), systolic blood pressure 
rises at an average rate of 0.5-1.0 mm Hg/year until the 
seventh decade [12]. All of the patients with sustained hyper- 
tension listed in this report and in the report of Lingeman and 
Kulb [11] developed hypertension either immediately after 
ESWL or within 1 year after ESWL, thus exceeding any age- 
related increase in blood pressure. The combined results of 
the two series, composed of nearly 400 patients, indicate that 
Clinically significant hypertension arising from renal trauma 
caused by ESWL is likely to occur in about 8% of patients. 

ESWL has been described as a well-engineered, highly 
selective application of brute force [13]. After a few hundred 
shocks, macroscopic hematuria caused by intrarenal hemor- 
rhage occurs in virtually all patients [1, 2], and this hemor- 
rhage may be serious in patients who have a tendency to 
bleed [14, 15]. Although the originators of the procedure 
recorded a very low frequency (0.6%) of subcapsular hema- 
toma [1], a prospective study with MR imaging revealed a 
much higher frequency (29%) of subcapsular, perirenal, and/ 
or intraparenchymal hemorrhage [2]. The difference in the 
rate of occurrence of renal hemorrhage may be attributed to 
the much less sensitive sonographic technique used by 
Chaussy et al. [1]. The high frequency of hemorrhage that 
we documented with MR has been confirmed by three recent 
studies in which CT [16, 17] and MR [18] were used for 
evaluation of kidneys treated with ESWL. Experiments with 
dogs have confirmed that the clinically observed MR and CT 
abnormalities are caused by renal and subcapsular hemor- 
rhages, frequently associated with small vein thromboses, 
interstitial edema, and acute tubular necrosis [19-22]. 

External mechanical trauma is known to result in interstitial 
edema and extravasation of urine and blood into the interstitial 
space [23]. These same effects caused by ESWL explain the 
enlargement of the kidney seen on excretory urography, MR, 
and CT [2, 16-18, 24], as well as the total and partial 
parenchymal obstructive patterns seen in renography and the 
renal edema and hemorrhages seen on MR [2]. 

We have not yet found the cause of the long-term decrease 
in the percentage of ERPF to the treated kidney. The partial 
and total parenchymal obstructive patterns observed by re- 
nography immediately after ESWL, and attributed to acute 
tubular necrosis and edema caused by hemorrhage, were not 
seen in our patients 17-21 months after ESWL, thus indicat- 
ing the resolution of these two processes. All but one of 21 
patients had a normal excretory phase of the renogram curve 
of the treated kidney, indicating the absence of mechanical 
obstruction due to persistent or recurrent stones. The one 
patient in whom the percentage of ERPF was reduced to a 
very low value had no stone but a small atrophic kidney. 
Possibly renal fibrosis, which has been observed in canine 
kidneys 30 days after ESWL [22], may be responsible for the 
long-term decrease in the percentage of ERPF to treated 
kidneys. 

Peterson and Finlayson [3] suggested that renal trauma 
caused by ESWL may cause hypertension as the result of a 


AJR:150, February 1988 


perirenal hematoma via the well-known Page kidney effect 
(trauma — perirenal hemorrhage — fibrosis — compression 
of renal parenchyma — increased interstitial pressure — 
decreased renal perfusion — renin release — generation of 
angiotensin || — hypertension). In a review of 29 cases of 
Page kidney [25], a history of trauma could be elicited in 78%, 
and the interval between the trauma and the discovery of 
hypertension varied widely from 24 hr to 12 years but gen- 
erally was less than 1 year. Of the seven patients in the 
present report who developed sustained hypertension after 
ESWL, three had MR immediately after ESWL and all three 
of these patients had perirenal or subcapsular hemorrhage. 
In the immediate post-ESWL period, decreased renal plasma 
flow may be reasonably attributed to increased interstitial 
pressure caused by perirenal or intrarenal hemorrhage and 
the resultant edema. Up to 18 months after ESWL, decreased 
renal plasma flow may result either from increased interstitial 
pressure possibly caused by fibrosis due to intrarenal hem- 
orrhage or by fibrosis due to pressure from a perirenal fibrotic 
process. 

Our study of the long-term effects of ESWL on renal 
function and blood pressure is weakened by the small number 
of patients and by the absence of any control data, such as 
the long-term effects on renal function and blood pressure in 
patients with comparable renal lithiasis treated by other tech- 
niques (e.g., percutaneous lithotripsy or surgical lithotomy). 
Also, the late renal changes and hypertension may not have 
been due to the trauma of ESWL but to some other process 
unrelated to renal lithiasis, such as unilateral renal artery 
stenosis. These alternative explanations can only be ade- 
quately addressed by a prospective study with appropriate 
controls. The observations in this report together with those 
of Lingeman and Kulb [11] strongly support the need for such 
a prospective study. Because hypertension induced by renal 
trauma may be delayed and is often asymptomatic, urologists 
and other physicians performing ESWL should be alerted to 
the fact that hypertension is a potentially important compli- 
cation of the procedure. Our experience shows that blood 
pressure should be measured periodically for at least 1 year 
after ESWL. 
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Commentary 





Extracorporeal Shock-Wave Lithotripsy: Slam-Bang 


Effects, Silent Side Effects? 


Albert G. Mulley, Jr.', Karen J. Carlson, and Stephen P. Dretler 


In February 1984, 4 years after extracorporeal shock-wave 
lithotripsy (ESWL) was first used in Germany to fragment 
stones within human kidneys, the ESWL device manufactured 
by Dornier Systems was brought to the United States. Just 
10 months later, on the basis of experience with approxi- 
mately 2500 treatments at six American hospitals as well as 
7000 treatments in Europe, the Food and Drug Administration 
(FDA) approved the Dornier device. Although the FDA ap- 
proval stipulated the usual requirements for postmarketing 
surveillance and reporting of any adverse reactions, the rapid 
and widespread diffusion of the device and its shock waves 
was virtually guaranteed when it was described as “an au- 
thentic modern miracle” that could be expected both to im- 
prove quality and lower costs of care for patients afflicted 
with kidney stone disease. 

Since that pronouncement, nearly 150 Dornier lithotriptors, 
each with a price tag of approximately two million dollars, 
have been delivered to American medical centers. With more 
than 300,000 patients treated worldwide, ESWL has revolu- 
tionized the management of “surgical” stone disease. For 
patients whose persistent pain, obstruction, or urinary infec- 
tion warrant removal of a stone from the kidney or upper 
ureter, ESWL is widely considered the treatment of choice. 

Ideally, such ready acceptance of a new medical technology 
would be based on unequivocal scientific evidence of efficacy 
and safety derived from a randomized controlled trial. But the 
medical technology supported by such ironclad evidence is 
the exception rather than the rule, and ESWL is not an 
exception in this regard. Large series of cases have demon- 
strated dramatic effectiveness in removing stones that previ- 














ously required open surgery or percutaneous approaches to 
the urinary tract; 90% of such stones are removed by extra- 
corporeal lithotripsy. Although immediate adverse effects 
such as perinephric hematoma and obstruction were re- 
ported, in general the short-term complication rates from 
these early series were impressively low. 

But even when “slam-bang” effectiveness and acceptable 
Short-term safety have been shown, the evaluation of a 
therapeutic technology remains incomplete. In the case of 
ESWL, two concerns about long-term adverse effects have 
been repeatedly expressed but remained unresolved. First, 
no study has determined the effects that small stone frag- 
ments remaining after ESWL may have on long-term stone- 
recurrence rates. Stone fragments are detectable in 10-30% 
of patients by conventional plain film radiography 3 months 
after ESWL. Symptomatic recurrences of urolithiasis occur in 
as many as 50% of patients (including 15% in the first year), 
SO any increase in recurrence rates caused by fragments that 
remain after ESWL and that serve as nidi for stone formation 
would offset some of the technique’s short-term advantages. 
Second, ESWL may result in adverse effects on soft tissues 
adjacent to the stone. Although the force of shock-wave 
energy is carefully focused on the target stone, the kidney 
and adjacent soft tissue also are subjected to trauma. Sub- 
capsular, parenchymal, and perinephric hematomas have 
been detected by imaging after ESWL in 25-75% of cases, 
substantially higher rates than those reported in earlier studies 
in which less-sensitive sonographic techniques were used for 
evaluation. Again, any undiscovered long-term adverse ef- 
fects on renal function could diminish the net effectiveness of 
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ESWL. This is particularly true for the many young patients 
afflicted with urolithiasis. 

It is in this context of the widespread acceptance of ESWL, 
based primarily on its manifest stone-removal efficacy, that 
we should view the two reports in this issue from one of the 
six original ESWL investigating hospitals [1, 2]. Both papers 
report on attempted long-term follow-up of the original 148 
patients treated at Shands Hospital before FDA approval. 
Miles et al. [1] report that only 52% of treated kidneys were 
free of stones on abdominal radiographs obtained from 3 to 
12 months after treatment; the rest had residual stones or 
fragments. Although radiographic efficacy is an important 
element in evaluating the overall effectiveness of ESWL, 
clinical efficacy—the ability of ESWL to relieve the pain, 
obstruction, or infection that prompted treatment—is an 
equally important criterion of effectiveness. Previous studies 
have shown that the clinical efficacy of ESWL is much greater 
than its stone-removal efficacy, as stone fragments generally 
are asymptomatic. 

Miles et al. [1] report a rate of new stone formation of 5% 
at 13-21 months after ESWL, but they do not describe the 
clinical consequences, if any, of the new stones. Studies of 
patients treated with other techniques report recurrence rates 
of 2% up to 2 years after percutaneous ultrasonic lithotripsy 
and 26% up to 2 years after surgery [3]. Comparison of 
recurrence rates is difficult among series in which varying 
techniques are used because of the potential differences in 
the composition of each study population. The rate of new 
stone development reported by Miles et al. [1] does seem 
reassuringly low. However, researchers in future studies need 
to examine the new-stone rate, the increase in size of existing 
fragments, and the potential clinical manifestations of such 
size increases in a larger sample of patients followed for more 
than 2 years. Future reports should describe clinical conse- 
quences as well as radiographic evidence of recurrent stones. 

The work of Williams et al. [2] explores the second, poten- 
tially more serious concern about the long-term conse- 
quences of ESWL. Using quantitative radionuclide renography 
in a small sample of patients who had undergone ESWL less 
than 2 years before, the investigators detected a significant 
decrease in percentage effective renal plasma flow in the 
treated kidney and significant increases in both systolic and 
diastolic blood pressure compared with pretreatment meas- 
urements. In addition, the rate of development of hypertension 
requiring treatment was 8% in a larger sample of patients 
followed for less than 2 years. 

Although the report from Williams et al. [2] is provocative, 
it raises more questions than it answers. How should we 
respond to the 8% incidence of hypertension? To what extent 
might it be explained by selective follow-up or differences in 
measurement techniques in the hospital and ambulatory set- 
tings? Despite such potential problems, 8% does seem high 
in light of previous studies, including that of Blair et al. [4], 
who found a 4% incidence in previously normotensive patients 
over 1-12 years, but what is the best basis for comparison? 
Although no evidence indicates that stone disease per se is 
associated with an increased risk of hypertension, underlying 
conditions or complications of urolithiasis may increase the 
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risk of hypertension in some patients. Other stone-removal 
techniques also jeopardize the kidney and may increase rel- 
ative risk of hypertension. A higher incidence of hypertension 
after open surgery or nephrolithotomy has not been detected, 
but existing data are fragmentary. 

The best estimates of the risk of hypertension that can be 
attributed to ESWL, or other stone-removal techniques, would 
come from a randomized controlled trial with careful long- 
term follow-up. In the absence of such a trial, carefully con- 
ducted cohort studies including patients treated with alter- 
native approaches could provide reasonable estimates. The 
findings of the series reported by Williams et al. [2] should 
stimulate more meaningful, carefully conducted investiga- 
tions. 

While we await results of more definitive studies, the plau- 
sibility of a causal relationship between ESWL and hyperten- 
sion in some patients is worth considering. The findings are 
consistent with results from other centers. Bomanji et al. [5] 
have reported a significant decrease in the glomerular filtration 
rate of the treated kidney of ESWL patients immediately after 
therapy. Lingeman and Kulb [6] have reported a similar inci- 
dence of hypertension requiring pharmacologic treatment 
after ESWL in a larger series. The short time between ESWL 
and development of hypertension seems to suggest a causal 
relationship, especially for the five patients who developed 
hypertension immeciately after or within 2 months after ESWL 
and less so for those who developed hypertension more than 
6 months after treatment. No dose-response relationship has 
been found between the number of shocks and changes in 
blood pressure, but the number of patients studied is small. 

The biological plausibility of a relationship between ESWL 
and development of hypertension is a key element in the 
assessment of causality. A biological model for the production 
of hypertension due to extrinsic compression of renal paren- 
chyma was established by Page. The mechanism for produc- 
tion of hypertension is not clearly established, but hyperten- 
sion may be related to increasing interstitial pressure, which 
causes decreased renal perfusion with compensatory stimu- 
lation of renin release. The Page kidney has been a rarely 
reported cause of hypertension. In most of the reported 
cases, the interval between trauma to the kidney—the pre- 
sumed inciting event—and discovery of hypertension was 
less than 1 year. Thus, the Page kidney mechanism is con- 
sistent with the temporal relationship between ESWL and 
hypertension reported by Williams et al. [2]. Although the size 
of the perirenal and subcapsular collections in reported cases 
has been large (usually > 500 ml), smaller hemorrhages may 
cause sufficient parenchymal compression to stimulate renin 
release. 

Even if decreased renal function and an increased risk of 
hypertension prove to be long-term side effects of ESWL, 
lithotripsy will remain an important advance in kidney stone 
management. When there are clear indications for stone 
removal, any risks associated with ESWL must be weighed 
against the significant risks of surgery and percutaneous 
approaches. However, we must not be so distracted by the 
slam-bang effects of ESWL that we fail to pay sufficient 
attention to the quieter, long-term side effects; the risks of 
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Renal Transplant Dysfunction: 
MR Evaluation 





The results of 45 MR examinations were prospectively compared with the clinical 
course and biopsy results in 38 renal transplant patients to determine the role of MR in 
evaluating allograft dysfunction. Twenty-six patients underwent allograft biopsy. In eight 
patients in whom the biopsy was performed more than 48 hr after MR examination and 
in 19 patients who did not have a biopsy, the subsequent clinical course was sufficiently 
diagnostic to determine the specific cause of the transplant dysfunction. Corticomedul- 
lary differentiation, graded from 0 to 3, was not helpful in separating rejection (n = 20) 
from acute tubular necrosis (n = 9), drug toxicity (n = 7), pyelonephritis (n = 2), or 
normal grafts (n = 7) because of overlap between groups (sensitivity =; 60%, specificity 
= 60%). In the six patients with two or more MR studies, serial changes in corticomed- 
ullary differentiation were not consistent and could not be used to diagnose rejection. 
When any abnormality of allograft sinus fat, size or shape, or corticomedullary differ- 
entiation was considered, the sensitivity for the diagnosis of rejection approached 80%; 
however, specificity was low (48%). 

We conclude that MR imaging is not sufficiently accurate to replace transplant biopsy 
and therefore has a limited role in the evaluation of transplant dysfunction. 


Each year approximately 7500 patients undergo renal transplantation. Because 
of current surgical and immunosuppressive techniques, in approximately 80% of 
these patients the kidneys are still functioning 1 year after transplantation [1]. 
Despite recent advances, however, transplant rejection continues to be a significant 
problem. Prompt recognition of rejection and treatment are essential if allograft 
injury is to be minimized. 

Preliminary studies have suggested that MR imaging may provide a noninvasive 
means of diagnosing renal transplant rejection and of distinguishing it from other 
causes of allograft dysfunction [2-8]. We correlated the MR appearance of trans- 
planted kidneys with the subsequent clinical course and biopsy results in 38 
patients to evaluate the ability of MR imaging to differentiate between the various 
causes of renal transplant dysfunction. 


Materials and Methods 


Between April 1985 and April 1986, 45 MR examinations were performed in 38 patients 
who had undergone renal transplantation. Five patients were imaged twice, and one patient 
was imaged three times. Ten of the transplanted kidneys were from living, related donors, 
and 28 were from cadaveric donors. Informed consent was obtained from all patients before 
MR imaging was performed, in accordance with institutional review-board regulations. 

Seven patients with normally functioning allografts were examined 4-10 days after trans- 
plantation. In all seven, the allografts functioned immediately after transplantation; serum 
creatinine levels in this group ranged from 1.3 to 1.7 mg/di at the time of the MR study. 

Acute tubular necrosis was diagnosed in nine patients, all of whom had had cadaveric 
renal transplants. All had anuria or oliguria within 24 hr after transplantation, but none had 
signs or symptoms of rejection (fever, graft tenderness, or swelling). One patient had two 
biopsies, one on the day before and one 4 days after the MR examination. All nine had 
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persistent oliguria at the time of MR examination and showed sub- 
sequent improvement in allograft function, as measured by increasing 
urine Output and declining serum creatinine without specific therapy 
for a rejection episode. 

All 20 patients with rejection had biopsies within 0-14 days of the 
MR examination; 13 of the 20 had biopsies on the same day. In the 
five patients who had had a biopsy more than 48 hr after MR imaging, 
the subsequent clinical course determined the diagnosis used for 
comparison with the MR examination. Seventeen of the 20 underwent 
MR imaging before biopsy or the start of therapy; the other three 
underwent MR imaging 1-2 days after biopsy or the start of therapy. 
The clinical diagnosis of rejection was based on one or more of the 
following criteria: (1) a significant or sudden decline in renal function; 
(2) signs or symptoms of graft inflammation (fever, allograft swelling, 
or tenderness); and (3) response to high-dose steroid therapy. Sub- 
sequent biopsies confirmed the clinical diagnosis. The histologic 
diagnosis of rejection was based on the presence of interstitial and/ 
or perivascular cellular infiltrates, interstitial edema, and complement 
staining by immunofluorescence. 

Seven patients with drug toxicity were imaged 12 days to 2⁄2 
years after transplantation. This group included five patients with 
cyclosporine nephrotoxicity as well as one patient each with tubular 
injury due to a nonsteroidal antiinflammatory agent and arsenic 
ingestion. In four patients the diagnosis was made by biopsy, per- 
formed within 24 hr of MR examination. Biopsy showed no evidence 
of rejection (minimal or no cellular infiltrates) and variable degrees of 
tubular cell injury. In the three patients diagnosed by subsequent 
Clinical course, transplant function showed prompt improvement after 
decreasing or removing the offending drug. 

Both patients with pyelonephritis had positive urine cultures and 
improved renal function after specific antibiotic therapy. One patient 
also had a biopsy 3 days after MR examination that showed severe 
interstitial edema, neutrophilic infiltrates, and microabscess formation 
that was most pronounced in the renal medulla. 

MR imaging was performed with a Technicare superconducting 
magnet operating at 0.6 T, as described previously [9, 10]. Use of an 
image matrix of 256 x 128 elements afforded an in-plane spatial 
resolution of 3.6 x 1.8 mm. Four data acquisitions were averaged 
per image. In 43 of 45 patients, the multisection, multislice spin-echo 
(SE) technique was used in the transaxial plane; a body coil was 
used to obtain 0.8- to 1-cm contiguous slices through the renal 
transplant and bladder with repetition intervals (TR) of 500-1000 
msec and an echo delay (TE) of 32 msec (SE 500-1000/32). 

Selected patients underwent coronal (n = 20) and sagittal (n = 4) 
scans with the same pulse sequences. T2-weighted images (SE 
2000/64) were obtained initially (n = 11) but later were discontinued 
because they failed to provide additional information. The inversion- 
recovery (IR) technique (IR 2050/32/656) was used in nine cases. In 
addition to the body coil, an 18-cm receive-only surface coil, was 
used in the transaxial (n = 6), coronal (n = 7), and sagittal planes (n 
= 3) with T1-weighted sequences (SE 500-700/32). 

The MR examinations were interpreted by three independent ob- 
servers who had no knowledge of the biopsy or clinical data. When 
disagreement in interpretation occurred, the interpretation selected 
by two of three was used. The transplant parameters evaluated 
included renal size and shape, corticomedullary differentiation (CMD), 
and presence of renal sinus fat. The studies were also evaluated for 
hydronephrosis or fluid collections. CMD was graded 0-3 (0 = absent, 
1 = faintly visible, 2 = moderately well seen, 3 = clearly defined) (Fig. 
1). Measurements of signal intensity were obtained in 43 of 45 
patients using operator-defined regions of interest in the cortex and 
in the adjacent medulla from the body-coil images. (The data from 
two patients could not be retrieved from computer tapes.) Multiple 
paired measurements were obtained in each patient (average, five). 
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The mean and standard deviation were calculated for the intensity 
ratio of cortex to medulla in each group of patients. Statistical analysis 
of the differences in the mean intensity ratios was performed using 
the Tukey Studentized range test. Sensitivity (no. of true-positive 
results/[no. of true-positive results + no. of false-negative results]) 
and specificity (no. of true-negative results/[no. of true-negative re- 
sults + no. of false-positive results]) for the diagnosis of rejection 
were calculated for each of the parameters studied. 


Results 


Corticomedullary differentiation (CMD), graded from 0 to 3, 
showed considerable overlap between the groups of patients 
(Table 1). While all patients with normally functioning trans- 
planted kidneys had CMD judged to be good or excellent, 
patients with acute tubular necrosis had CMD ranging from 0 
to 3, patients with rejection 0-3, drug toxicity 1-3, and 
pyelonephritis 0-1. If CMD numbers of 2 and 3 are considered 
normal and 0 and 1 are considered abnormal, the sensitivity 
of MR for the detection of rejection using CMD alone is 12/ 
20, or 60%, with a specificity of 15/25, or 60%. Visual rating 
of CMD showed good correlation with intensity-ratio meas- 
urements. Intensity ratios of cortex/medulla showed a similar 
overlap between groups of patients with renal transplant 
dysfunction (Fig. 2). 

Renal sinus fat was judged absent or present (Table 1). 
Renal sinus fat was more frequently absent in patients with 
rejection; however, it was also absent in patients with normal 
kidneys, acute tubular necrosis, drug toxicity, and pyelone- 
phritis. Defining complete absence of renal sinus fat as ab- 
normal, this MR criterion has a sensitivity of 50% for detecting 
rejection and a specificity of 68%. 

When abnormal transplant size or shape, absent renal sinus 
fat, or diminished CMD are considered together, MR sensitiv- 
ity and specificity for the diagnosis of rejection are 80% and 
48%, respectively, for an overall accuracy of 62.2%. 

The six patients who underwent two or more MR exami- 
nations illustrate interesting but inconsistent changes in CMD 
(Fig. 3). Using changes in CMD as the sole criterion, we were 
able to correctly diagnose rejection in two of five cases, with 
a false-positive diagnosis in one of two cases with drug 
toxicity. 

Fluid collections frequently were seen by MR imaging; 
however, most were insignificant postoperative hematomas, 
typically small collections located posterolateral to the trans- 
planted kidney or in the incision in the anterior abdominal wall 
(14 patients). Three larger fluid collections were identified. 
Two patients had mild hydronephrosis detected by MR. 


Discussion 


Because of the limited availability and expense of MR, its 
contribution to the workup of renal transplant dysfunction 
must be carefully scrutinized. As with any new technique, 
initial enthusiasm regarding its clinical usefulness must sub- 
sequently be evaluated [11]. 
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Fig. 1.—Corticomedullary differentiation 
grades 0-3. All images obtained with surface 
coils (SE 700/32). 

A, Corticomedullary differentiation = 3 (ex- 
cellent) in this normally functioning allograft. 
Also note abundant renal sinus fat. 

B, Corticomedullary differentiation = 2 (good) 
in an allograft with acute rejection. 

C, Corticomedullary differentiation = 1 (faint) 
in this globular transplant with acute rejection. 

D, Corticomedullary differentiation = 0 (ab- 
sent) in an allograft with acute rejection. Also 
note absence of renal sinus fat. 
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TABLE 1: MR Imaging Criteria for Detecting Renal Transplant Dysfunction 





Diagnosis (No. of 
Patients) 





Normal (7) 

ATN (9) 
Rejection (20) 
Drug toxicity (7) 
Pyelonephritis (2) 


No. of 


No. of Patients 





i Intensity Ratio: No. of e 
Patients Cortex/ Patients with with Abnormal 
with CMD, Sinus 
Phs Medulla Absent Renal i 
Diminished (Mean + 1 SD) Sinus Fat (%) Fat, or Size or 
CMD? (%) > n Shape” 
O (0) 1.41% 17 2 (29) 2 (29) 
5 (56) 1.162% 13° 3 (33) 6 (67) 
12 (60) 1:22 + 14 10 (50) 16 (80) 
3 (43) 1.24 + .13 2 (29) 3 (43) 
2 (100) 1.14+ .14 1 (50) 2 (100) 





Note.—CMD = corticomedullary differentiation, SD = standard deviation, ATN = acute tubular necrosis. 

ê Diminished CMD was defined as CMD that was subjectively graded as 0 (absent) or 1 (faint). 

? Abnormal size or shape was defined as a kidney that had increased in size since a previous MR study or a kidney 
that was globular in shape (i.e., anteroposterior dimension exceeded width). This was observed in six patients (30%) 
with rejection and was not observed in any patient with another diagnosis. 


Pe Ot. 
“p< 05. 


Hricak et al. [4] demonstrated a statistically significant results in decreased signal intensity on T1-weighted images, 
lengthening of the calculated T1 value of renal cortex in these changes are also reflected in a change in the intensity 
kidneys with acute rejection, with no significant lengthening ratios between cortex and medulla. Previous investigators 
of the T1 value of the medulla. Because prolongation of T1 have attributed the wide variation in the calculated T1 and T2" 
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1.8 


1.7 


1.6 


1.5 


Intensity 1.4 
ratios: 
Cortex 


Medulla 1.3 





1.2 


1.1 


1.0 


Normal ATN 
n=7 n=8 


Rejection 
n= 19 


Drug Pyelonephritis 
toxicity n= 2 
n=7 


Fig. 2.—Intensity ratios of cortex to medulla. 

Upper and lower bars indicate highest and lowest values for each group. 
Center bar represents mean value. Although normally functioning allografts 
had higher ratios than did abnormal transplants, some overlap between 
normal and abnormal groups exist. Considerable overlap is present be- 
tween groups with transplant dysfunction. ATN = acute tubular necrosis. 

Number of points on each line is less than the actual number of patients 
because of overlapping values. Numbers of patients in the ATN and 
rejection groups differ from those stated in the text and table, because 
data for one patient in each group could not be retrieved from computer 
tapes. 
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values for cortex and medulla to errors introduced during the 
calculation of these values [1, 2, 4]. For these reasons, we 
believe that the actual numeric values are less valuable than 
are the relative differences in intensity, as measured by inten- 
sity ratios of cortex to medulla. Although our use of images 
with TRs as long as 1000 (usually called mixed or proton- 
density weighted) do not take full advantage of T1 weighting, 
studies with other imaging systems, as well as our own 
experience with native kidneys, have shown this TR to result 
in increased overall signal without loss of CMD [12]. In a 
limited number of transplant patients with images obtained 
using both pulse sequences, CMD on the SE 1000/32 images 
was judged to be as good as or better than CMD on SE 500/ 
32 images. 

In this study, statistically significant differences were seen 
(1) between the mean intensity ratios (cortex/medulla) for 
normally functioning transplants and those for transplants 
with acute tubular necrosis (p < .01) and (2) between intensity 
ratios for normally functioning transplants and those for trans- 
plants with rejection (p < .05). However, it is of no clinical 
significance to separate normally functioning kidneys from 
those that are not functioning normally by any imaging pro- 
cedure, since this difference is readily apparent through clini- 
cal and laboratory assessments. No significant difference was 
found for the mean intensity ratios of the various causes of 
renal transplant dysfunction. These data agree with data 
obtained by Hricak et al. [4] who also found statistically 
significant differences between percentage corticomedullary 
contrast and T1 of normal and rejecting allografts. 

Other authors [2, 4, 6, 7] have reported the variable MR 
appearance of kidneys with acute tubular necrosis, ranging 
from morphologically normal to a marked loss of CMD. No 
large MR series of patients with acute tubular necrosis has 
been reported; however, our preliminary data in nine patients 
combined with the data of others would suggest that MR has 
a limited role in evaluating patients with early posttransplant 
dysfunction. 

Our study also suggests that it is difficult to use MR to 
differentiate patients with rejection from those with cyclo- 


Fig. 3.—Follow-up study shows decrease in 
corticomedullary differentiation not due to acute 
rejection. 

A, Corticomedullary differentiation = 2 in this 
allograft with acute rejection. Patient responded 
to treatment with steroids (SE 700/32). 

B, Same patient 9 months later with a second 
deterioration in function. Corticomedullary differ- 
entiation = 1. Patient had cyclosporine nephro- 
toxicity that responded to decrease of dose (SE 
700/32). 
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sporine nephrotoxicity. Whereas Hricak et al. [4] observed 
that all five of their patients with cyclosporine nephrotoxicity 
had excellent CMD, CMD was diminished in three of the 
seven patients we studied. One explanation for this difference 
may be the length of time between transplantation and MR 
examination; the five patients with cyclosporine nephrotoxic- 
ity in the study by Hricak et al. [4] were imaged within 14-25 
days after transplantation. Our patients were studied from 12 
days to 22 years after transplantation (average, 9/2 months). 
Three patients had been successfully treated in the past for 
an acute rejection episode. At least two other authors have 
observed diminished CMD in patients with cyclosporine neph- 
rotoxicity [8, 13]. In neither case did the authors state the 
time from transplantation to MR imaging. 

Hamburger et al. [14] observed that biopsies obtained from 
normally functioning renal transplants 6 months and 2 years 
after transplantation showed edema, fibrosis, and cellular 
infiltrates in 59% and 73%, respectively. These changes were 
more frequently observed in patients who had had previous 
rejection episodes, even when the rejection episodes were 
fully reversible with therapy. The diminished CMD in our 
patients with drug toxicity may have been related to fibrosis 
from a previous rejection episode (Fig. 3). We were probably 
not imaging the isolated effect of drug toxicity on CMD; 
however, these are variables that cannot be controlled in the 
Clinical setting. 

The changes in CMD seen by MR imaging have been 
attributed to an increase in water content in the interstitium 
of the kidney, predominantly in the cortex [3, 5]. The biopsy 
reports in our patients noted moderate-to-severe interstitial 
edema in 12 of 20 cases of acute cellular rejection. In three 
patients the amount of interstitital edema was not specifically 
noted. In five patients with acute rejection, the biopsy showed 
minimal interstitial edema, despite the presence of severe 
inflammatory infiltrate. Direct correlation of the amount of 
edema noted in the biopsy specimens with the degree of 
diminished CMD was not possible in every case. This may be 
attributed to several factors: the length of time between the 
MR examination and the biopsy is one potential weakness of 
this report. Sampling error from a single biopsy specimen 
may also be a contributing factor. We propose that the inability 
of CMD to accurately diagnose rejection may be due to the 
absence of significant interstitial edema in some patients with 
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acute rejection. In addition, interstitial edema may be seen in 
patients with other diagnoses. Fibrosis will also prolong T1 
and may result in decreased CMD, as may be seen in patients 
with previous rejection episodes, as well as in normally func- 
tioning transplants, because of low-grade, ongoing rejection. 

We conclude that, although MR imaging provides excellent 
visualization of the renal transplant, the appearance of the 
transplanted kidney is not a specific indicator of the cause of 
renal transplant dysfunction. The lack of correlation between 
MR imaging and biopsy or clinical parameters in many patients 
severely limits its usefulness in the evaluation of patients with 
renal transplants. 
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Review 





General Perspectives. Vol. 1: Advances in Urologic Oncology. Edited by Richard D. Williams. New York: Macmillan, 


222 pp., 1987. $37.50 


The editor has assembled a distinguished group of contributors 
from several different disciplines, including urology, oncology, trans- 
plantation, and genetics, for this well-produced and informative first 
volume in the series Advances in Urologic Oncology. As stated in the 
preface, an attempt has been made to give comprehensive reviews 
of the most promising advances in the diagnosis and treatment of 
urologic cancer. Reflecting the exciting progress in and increasing 
complexity of urologic oncology and research on human tumors, 
particularly during the past decade, the subjects covered range from 
basic tumor biology to newer methods of diagnosis and methods of 
treatment, some of which are unproved. 

Chapter titles include “Oncogene Expression and Chromosome 
Rearrangement in Urologic Tumors,” “Flow Cytometry in Urologic 
Cancers,” “Tumor Antigens in the Diagnosis, Staging, and Prognosis 
of Urologic Cancer,” “Magnetic Resonance in the Diagnosis and 
Staging of Urologic Cancer,” and “Endourologic Diagnosis and Treat- 
ment of Upper Tract Urothelial Tumors.” Subsequent chapters include 
“Photodynamic Techniques in the Treatment of Bladder Cancer,” 
“Hormonal Therapy for Advanced Carcinoma of the Prostate,” “Im- 
mune Modifiers in Genitourinary Cancers,” “Chemotherapy of Dis- 


seminated Transitional Cell Carcinoma,” and “Diversion Techniques 
in Urologic Cancer.” The general layout is pleasing, and illustrations 
and figures are well chosen and appropriate in size. One of the 
strengths of this volume is the coverage of each chosen subject. For 
example, a reader who has minimal knowledge of tumor genetics can 
progress through the chapter on this subject and comprehend the 
details of oncogene expression in the discussed urologic cancers. 
The chapter on MR imaging is slightly too conservative concerning 
the role of this technique in tumor staging. Only one of the references 
listed in this chapter is from 1986. Generally, the references in each 
chapter are current and include ones published in 1986. This book is 
of principal interest to urologists, including residents, oncologists, 
and those radiologists who work with oncologists and need to keep 
abreast of advances in urologic oncology. The reader cannot fail to 
be stimulated and to share some of the optimism of the authors. 


Noel K. Allan 
Loma Linda University Medical Center 
Loma Linda, CA 92351 
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Case Report 





Selective Renal Embolization for Hematuria: Coordination 


with Cystoscopy 


Douglas A. Swartz,’ Garey L. McLellan,* Dale Mitchum,° and Frederick Vines? 


A case of selective segmental renal arterial embolization for 
Clinically significant renal hematuria due to sickle cell nephrop- 
athy is presented. The patient was heterozygous for the sickle 
cell trait and had significant anemia caused by the hematuria. 
The hematuria was refractory to conservative measures. No 
lesion was identifiable on angiography. The technique by 
which we identified the bleeding segment in order to coordi- 
nate embolization has not been previously reported. The renal 
segment to be infarcted was selected by cystoscopic obser- 
vation of the cessation of blood flow from the ipsilateral 
ureteral orifice during temporary occlusion of the segmental 
renal branches with a transcatheter angiography balloon. The 
suspected renal segment was then infarcted by using Gelfoam 
particles and a single embolization coil. Fourteen months after 
infarction, the patient remains normotensive and free of he- 
maturia. 


Case Report 


A 28-year-old woman was hospitalized for painless gross hema- 
turia and anemia. The onset followed the birth of her last child, 13 
months before admission. The frequency of hematuria increased; 7 
months before admission, hematuria had been occurring daily. An IV 
pyelogram, abdominal CT, and renal sonogram were normal. Bloody 
efflux was observed from the right ureteral orifice during cystoscopy. 
A right retrograde ureterogram was normal. 

On admission, the hematocrit was 21%. Hemoglobin electropho- 
resis showed 67% hemoglobin A and 29% hemoglobin S. Conserv- 
ative therapy included the infusion of four units of packed red blood 


cells and hypotonic fluids. When these measures failed, aminocaproic 
acid (Lederle, Pearl River, NY) was administered without success. An 
arteriogram was performed, but no lesion was identified. Two more 
units of packed red blood cells were subsequently required for a 
symptomatic anemia. 

Segmental infarction was necessary because of the continued 
bleeding and transfusion requirement. After induction of general 
endotracheal anesthetic, the patient was positioned to allow simul- 
taneous access to the right femoral artery and perineum. The pres- 
ence of bloody right ureteral efflux was confirmed by cystoscopy. An 
open-tip, 5-French ureteral catheter (Cook, Inc., Bloomington, IN) 
was endoscopically placed retrograde into the renal pelvis to allow 
irrigation of the pyelocaliceal system with saline. 

A 6.5-French guiding catheter from a Wholey occlusion coaxial set 
(Cook, Inc.) was introduced into the right renal artery. Superselective 
placement of the catheter was facilitated by use of an injectable, 
steerable guide-wire system (C. R. Bard, Inc., Billerica, MA). The 
injectable guidewire had an outer diameter of 0.038 in. (0.097 cm) 
and permitted replacement of the mandril with a steerable, J-tip 
guidewire (0.016-in. [0.041 cm], outer diameter) [1]. 

A selective injection reconfirmed normal renal vasculature without 
the presence of malformations. After positioning the 6.5-French guid- 
ing catheter in the selected segmental artery, the 3-French Wholey 
occlusion balloon catheter was placed through the guiding catheter. 
The balloon was inflated, and contrast material was injected to 
confirm occlusion. Immediately after occlusion, 10 mi of saline was 
gently irrigated through the ureteral catheter until the efflux cleared. 
The ureteral efflux was then observed for hematuria over a period of 
5 min. The sequence of ureteral irrigation and observation was 
repeated as each of the five segmental renal arteries was serially 
occluded. Clear right ureteral efflux was observed only when the 
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single middie segmental artery was occluded. The occlusion was 
repeated after 30 min to confirm the findings. 

Gelfoam particles (Upjohn, Kalamazoo, MI) were embolized into 
the single middle segmental renal artery. After significantly decreasing 
renal flow to this segmental artery, an occluding spring embolus (3 
mm in diameter, 4 cm long) (Cook, Inc.) was placed in the artery. A 
pull-back arterial injection confirmed complete occlusion. 

After surgery, the patient had transient right flank pain. Her blood 
pressure remained normal. The hematocrit remained stable, and the 
urine was clear. A renal scan showed middle segmental infarction 
and normal perfusion of the remaining parenchyma. Fourteen months 
after infarction, the patient is normotensive and has had no hematuria. 


Discussion 


Sickle cell trait occurs in approximately 8% of blacks. Sickle 
cell hemoglobinopathy accounts for one-third of cases of 
gross hematuria in blacks [2]. The mechanism is not known 
but probably involves papillary necrosis due to ischemia 
caused by red blood cell sickling. 

Conservative measures such as hypotonic fluid hydration, 
sodium bicarbonate, mannitol, and loop diuretics were initially 
used [3, 4]. Aminocaproic acid, a urokinase inhibitor, has 
been reported effective in hematuria associated with hemo- 
globin S [5]. Hematuria can be recurrent and refractory to 
standard methods of therapy. Nephrectomy is sometimes 
necessary, despite the risk of development of hematuria in 
the contralateral kidney [6]. Limited segmental nephrectomy 
has also been reported as successful after identification of 
the bleeding segment by open nephroscopy [7]. 

Whenever possible, conservative surgical management 
should be attempted. The disease can be bilateral, and pa- 
tients who have undergone nephrectomy for hematuria may 
have future bleeds from the remaining kidney [8]. Segmental 
renal arterial embolization is an ideal surgical alternative be- 
cause of the reduced morbidity. The problem with applying 
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embolization or segmental resection has been localization of 
the bleeding renal segment. In most cases of sickle cell 
nephropathy with gross hematuria, no focal lesion is apparent 
on the renal arteriogram. Percutaneous nephroscopy and 
retrograde ureteroscopy could potentially locate the bleeding. 
Hematuria associated with the routine trauma of nephroscopy 
and ureteroscopy makes visualization of a bleeding site diffi- 
cult. Coordination of embolization with nephroscopy or 
ureteroscopy may also be a problem. This report describes a 
technique by which the bleeding renal segment can be iden- 
tified to allow segmental renal embolization. Simultaneous 
cystoscopic observation of the change in the involved ureter 
efflux from bloody to clear during temporary occlusion of the 
segmental renal arteries allows identification of the involved 
segment. 
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Balloon Catheter Dilatation of 
Urethral Strictures 





Seven patients with urethral strictures due to different causes were treated by balloon 
catheter dilatation. The dilatation was performed on an outpatient basis in conjunction 
with suprapubic voiding cystourethrography and under fluoroscopic control. Only diaze- 
pam sedation and topical anesthesia were used. No indwelling catheters were placed 
in the urethra after the procedure. Six of the seven patients have been followed for 6- 
26 months, and only two have required redilatations. There have been no complications 
that required therapy. 

The initial success with our technique and that reported by others suggest that balloon 
catheter dilatation offers a good alternative treatment for urethral strictures to replace 
bouginage, urethrotomy, and urethroplasty. 


Urethral strictures constitute a significant clinical problem that often requires 
long-term management. Bouginage, urethrotomy, and urethroplasty are the current 
therapeutic cornerstones. However, the success of these surgical procedures has 
been limited. They have significant rates of primary failure, with increases in 
strictures and recurrence of the strictures, as well as a wide range of complications 
such as bleeding, creation of false passages, incontinence, and perforation of 
adjacent structures [1-9]. 

The use of Gruntzig angioplasty catheter and its various modifications in the 
dilatation of cardiovascular stenoses, biliary tract and gastrointestinal strictures, 
and ureteral strictures [10-17] has promoted its use in the treatment of urethral 
strictures [7, 18-20]. We report our experience using balloon catheter dilatation of 
urethral strictures in seven patients. 


Subjects and Methods 


Seven men with urethral strictures were treated by balloon catheter dilatation on an 
outpatient basis. The patients were 16 to 67 years old (mean, 35 years). All the strictures 
were diagnosed by suprapubic voiding cystourethrography, by using a modification of the 
technique described by Bryndorf et al. [21]. There were two strictures of the prostatic urethra 
due to benign prostatic hyperplasia, one traumatic stricture of the membranous urethra, three 
strictures caused by gonorrhea—two of the bulbous urethra and one of the penile urethra— 
and one iatrogenic stricture of the bulbous urethra due to prolonged catheterization. Six 
patients were followed for 6-26 months (mean, 12 months) after the first dilatatior. One 
patient was lost to follow-up. 

In our dilatation technique, each patient had a suprapubic voiding cystourethrogram 
immediately before the dilatation. When the stricture was detected on a spot film, a radiopaque 
marker was placed at the site, either on the scrotum or penis. The patient was then asked 
to stop voiding. The contrast medium remaining in the bladder was used for monitoring the 
progress of the dilatation under intermittent fluoroscopy and for a cystourethrogram at the 
end of the procedure. The puncture needle was left in the bladder until the end of the 
dilatation, in case the bladder needed to be refilled with contrast medium. The patient was 
sedated with diazepam, and a topical anesthesia (2% lidocaine jelly) was instilled into the 
urethra. 
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With the patient in a steep oblique position, a 0.035-in. (0.09-cm), 
J-shaped guidewire was passed through the urethra into the bladder. 
If attempts to do this failed, a 5-French straight angiographic catheter 
was passed over the guidewire, and the two were negotiated together 
through the stricture into the bladder. If these attempts also failed, 
the patient was asked to void, and during the voiding, the catheter 
and guidewire were passed quickly into the bladder. This was nec- 
essary in two patients. Once the guidewire was coiled in the bladder, 
the angiographic catheter was exchanged for an Olbert balloon 
catheter. Catheters with balloons that were 4-9 mm in diameter were 
used. The size of the balloon selected was approximately equal to 
the combined width of the urethra at and distal to the stenosis. All 
maneuvers with the guidewire and catheters were performed under 
fluoroscopic control to avoid the creation of false passages. Once 
the balloon of the catheter straddled the stricture, it was inflated 
manually with water-soluble contrast medium for 3-5 min, with inter- 
vals of 2-3 min between inflations, until the balloon’s waist disap- 
peared. The average number of dilatations during each session was 
three. In two patients who had long, tight strictures, two balloons of 
different sizes were used—first a 4-mm balloon and then a 6-mm 
balloon. After two or three dilatations, the balloon catheter was 
removed. With the guidewire still in place, the patient was asked to 
void under fluoroscopy in order to assess the caliber of the urethra 
proximal to the stenoses and at the narrowed site. 

If the prestenotic dilatation was significantly reduced from its caliber 
before dilatation and if the width of the urethra at the site of the 
stricture approximated that of the urethra immediately proximal and 
distal to it, the guidewire was removed (Figs. 1C and 2D). The 
cystourethrogram was documented on a spot film, and the procedure 
was terminated. If, on the other hand, the voiding cystourethrography 
under fluoroscopy did not show an adequate increase in the diameter 
of the urethra at the site of the stenosis, the balloon catheter was 
reintroduced into the urethra and the dilatation was repeated until a 
satisfactory lumen of the stricture was achieved. The puncture needle 
was then removed from the bladder. 

The patients remained in the radiology department until the effects 
of the sedation subsided. When a patient left the department, he was 
advised to drink profusely for the next 2 weeks and to start every 
micturition by clamping the glans penis with his fingers for a few 
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moments in order to dilate the urethra, before passing urine (“auto- 
bouginage” or “hydraulic dilatation” [6]). No indwelling catheters were 
used, so that the risks of infection and restricturing were reduced. 
Dilatation of the external sphincter was avoided in cases in which the 
stenoses were close to the external sphincter. 


Results 


Six of the seven patients were followed for 6-26 months 
(mean, 12 months). One patient with a 2.5-cm-long bulbous 
stricture with two false passages (each 2 cm long) had two 
redilatations within 26 months. The first redilatation was after 
6 months and the second after 9 months. The stricture was 
due to gonorrhea. The patient with a postcatheterization 
Stenosis was redilated once after 15 months, during 26 
months of observation. Four patients, two of whom had 
benign prostatic hypertrophy, were followed for 6-9 months. 
None of these four have required redilatation. 

The only complications were slight leakage of the contrast 
medium at the puncture site in the bladder and mild hematuria 
immediately after the dilatation and for the next 24 hr. No 
complication required therapy. In two of the seven patients, 
the balloon ruptured during the procedure. Both balloons were 
inflated manually, as were the others, and we do not have 
any explanation for the ruptures. The patient with the long, 
tight bulbous stricture had to be dilated initially in three stages 
(first with a 5-French angiographic catheter, then with a 4- 
mm Olbert balloon catheter, and finally with a 6-mm Olbert 
balloon catheter) before satisfactory relief of the stricture was 
achieved. 

The patients reported a stinging sensation during catheter- 
ization but no pain during dilatation. All those followed re- 
ported improvement of the urinary stream, which was also 
apparent during the final cystourethrogram. Patients also 
reported significant reduction of the frequency of micturition 
during the follow-up period. 





A B 


Fig. 1.—Urethral stricture in 57-year-old man treated by balloon dilatation. 


C 


A, Predilatation suprapubic voiding cystourethrogram showing short bulbous stricture. Puncture needle in bladder (black arrow). A stone in an old false 


passage (white arrow). 


B, Inflated Olbert balloon catheter in place. Skin marker at the site of the stricture (arrowhead). 
C, Postdilatation suprapubic voiding cystourethrogram showing lumen of satisfactory width. Arrowhead shows skin marker. 
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Fig. 2.—Urethral stricture in 18-year-old man 
treated by balloon dilatation. Arrows show skin 
marker at site of stricture. 

A, Predilatation suprapubic voiding cystoure- 
throgram showing tight bulbous stricture. Note 
markedly widened posterior urethra. 

B, 5-French angiographic catheter has been 
passed over a guidewire, through stricture into 
bladder. 

C, After angiographic catheter has been re- 
moved, Olbert balloon catheter can be negoti- 
ated through stricture and then inflated. 

D, Postdilatation suprapubic micturition cys- 
tourethrogram showing lumen of satisfactory 
width and posterior urethra of normal width. 


Discussion 


Although antibiotic therapy has significantly reduced the 
frequency of postinflammatory urethral strictures, this condi- 
tion continues to pose a common Clinical problem. The fre- 
quency of urethral strictures due to other causes (Such as 
prolonged catherization of sedentary patients, prostatic hy- 
pertrophy with urethral obstruction, and trauma) has in- 
creased. 

Conventional dilatation techniques for urethral strictures 
are associated with a high recurrence rate and often with 
progressive narrowing of the stricture due to scar tissue [3, 
4, 6-9]. They are also associated with complications of vary- 
ing severity, including mild bleeding, creation of false pas- 
sages, impotence, incontinence, and rupture of the rectum 
and other neighboring organs. They require repeated hospi- 
talizations because of the high recurrence rates, reported to 
be 20-50% [2, 4-6, 9]. 

Balloon dilatation techniques in the cardiovascular system, 
gastrointestinal and biliary tracts, and upper urinary tract have 
been effective and economical, and they have had few serious 
complications [11-18]. Initial reports on balloon dilatation of 
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urethral strictures have shown similar benefits [7, 18-20]. 
Burhenne et al. [19] and Russinovitch et al. [7] have also 
raised the possibility of the patient dilating the stricture him- 
self, especially in cases of stricture due to benign prostatic 
hypertrophy. The concentric, radial forces associated with the 
expanding balloon cause less trauma to the urethral and 
periurethral tissues than do the combined radial and longitu- 
dinal shearing forces of bouginage and repeated urethral 
resections [7, 15, 19, 20]. 

The results of our preliminary experience with seven pa- 
tients suggest that balloon catheter dilatation is a reliable 
alternative for treatment of urethral strictures. Not one of our 
patients required redilatation within the first 3 months after 
the first dilatation (the period in which 11-43% of reported 
recurrences occurred after urethrotomy [1, 4, 6]). The two 
patients that did need redilatation had strictures that were 
over 2 cm long and had been dilated repeatedly with bougies 
for several years. These are precisely the patients that have 
early recurrences after urethrotomies [1, 3, 5, 6]. 

Our technique of performing the dilatation under fluoro- 
scopic control and in conjunction with suprapubic voiding 
cystourethrography permits precise detection of the entire 
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length of the stricture, control of the passage of the guidewire, 
and accurate placement of the balloon across the stricture. It 
has obvious advantages over endoscopic balloon dilatation in 
which the view is limited to one end of the stricture. Retro- 
grade catheterization was possible in all of our patients. The 
use of a Suprapubic puncture of the bladder provides an 
alternative route for antegrade catheterization, should it be 
necessary [18]. It also minimizes the risk of infection inherent 
in repeated retrograde cystourethrograms [22]. 
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Meniscal and Ganglion Cysts of 
the Knee: MR Evaluation 





Meniscal and ganglion cysts frequently present as palpable masses of the knee but 
occur at different locations than do popliteal cysts. Meniscal cysts also may be discov- 
ered incidentally on studies performed for suspected internal derangement. Sixteen 
cystic lesions of the knee were evaluated with MR, including 11 meniscal cysts and five 
ganglion cysts. Scans were performed at 1.5 T by using a transmit/receive extremity 
coil or a receive-only surface coil. Standard spin-echo imaging, including at least one 
long-TR/asymmetric-TE sequence, was performed in all cases. In six patients, gradient- 
echo, reduced flip-angle sequences also were done. All meniscal cysts (but none of the 
ganglion cysts) were associated with horizontal meniscal tears. Cysts were visualized 
best on the long-TR/TE images; meniscal tears were seen best on the short-TR/TE and 
long-TR/short-TE images. Meniscal tears and cysts were also seen well on the fast- 
scanning sequences. Septations were noted in four meniscal cysts and in four ganglion 
cysts on the long-TR/TE images. Long-TR/TE images were also useful in showing the 
relationship between the cyst and joint capsule in three of the ganglion cysts. 

MR imaging is an effective, noninvasive method for evaluating cystic lesions of the 
knee. Meniscal cysts are always associated with underlying horizontal meniscal tears, 
which can be detected with MR. Ganglion cysts are not associated with meniscal tears, 
but may have connections to the joint capsule, which can be detected with MR. 


Cystic lesions around the knee are a common clinical problem that can be 
evaluated with a variety of radiographic techniques, including arthrography, sonog- 
raphy, and CT [1, 2]. Popliteal cysts are the most common lesions and character- 
istically are located at the posterior medial aspect of the knee joint adjacent to the 
intersection of the medial head of the gastrocnemius muscle and at the cistal 
insertion of the semimembranosus muscle. Popliteal cysts are frequent findings on 
studies performed for internal derangement of the knee and are easily recognized 
on MR. Cystic lesions in other locations around the knee are less common and 
usually represent ganglion or meniscal cysts, although enlarged bursae and synovial 
herniations can also be encountered. Meniscal cysts characteristically are located 
at the joint line on the medial or lateral side of the knee and invariably are associated 
with an underlying horizontal meniscal tear [3]. Ganglion cysts may or may not 
have a definable connection to the joint and may occur in atypical locations attached 
to tendon sheaths, within muscle bundles, or adjacent to the tibiofibular joint [4]. 
The ability of MR to visualize internal derangements of the knee [5] and abnormal- 
ities of the surrounding soft tissues [6] makes this technique ideally suited to the 
evaluation of these cystic lesions. 

In this report, we review our experience with MR of meniscal and ganglion cysts 
to describe their appearance and the features that may be useful in differential 
diagnosis. The relative value of spin-echo (SE) T1- and T2-weighted sequences are 
described as well as the use of two different gradient-echo fast-scanning se- 
quences, GRASS (gradient refocused acquisition in the steady state) [7] and PSI 
(partial saturation interleave) [8]. 
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Materials and Methods 


Sixteen cystic lesions of the knee were examined with a 1.5-T 
Signa scanner (General Electric, Milwaukee, WI). A transmit/receive 
dedicated extremity coil was used in 11 patients, and planar receive- 
only surface coils were used in the other five patients. SE sequences 
were performed in at least two different planes in all cases. Sagittal 
images were obtained in 13 cases, coronal images in 14 cases, and 
axial images in five cases. Short-TR/TE sequences (600-800/20-25 
msec) were used primarily as localizers. At least one long-TR/asym- 
metric-TE sequence (2000-2500/20 and 80 msec) was obtained in 
each case. GRASS sequences were obtained in four cases with a 
TR of 22 msec, a TE of 12 msec, and a flip angle of 30°. PSI 
sequences were performed in two cases with a TR of 750 msec, a 
TE of 30 msec, and a flip angle of 20°. The GRASS images were 
obtained in sequential single-slice acquisitions, and the PSI images 
were obtained in interleaved multislice acquisitions. Other parameters 
included a 5-mm slice thickness with 1-mm interslice gaps and 128 
x 256 acquisition matrix. The field of view for the spin-echo and PSI 
sequences varied from 12 to 16 cm. The fields of view for the GRASS 
sequences were 22.5 cm because of gradient limitations. One or two 
excitations were used routinely, with one excitation resulting in de- 
creased imaging time and a decreased signal-to-noise ratio. 

Fast-scanning sequences were compared with spin-echo se- 
quences obtained in the same plane. The lesions were evaluated for 
the presence of septations, joint connections, and associated intra- 
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articular disease. Meniscal tears were defined as linear areas of high 
signal intensity that involved at least one meniscal surface. Surgical 
correlation was available in 12 cases. Two patients elected to post- 
pone surgery; in two other cases, the cyst ruptured spontaneously, 
and no surgery was performed. CT scans were available for compar- 
ison in two cases. Arthrograms were performed in two patients. No 
sonograms were performed. 


Results 


There were 11 meniscal and five ganglion cysts. All five of 
the ganglion cysts presented as palpable masses. Five men- 
iscal cysts were incidental findings on studies performed for 
internal derangements, and six presented as palpable 
masses. Cysts were isointense or hypointense to muscle on 
short-TR/TE sequences. On the long-TR/short-TE images, all 
cysts were isointense or slightly hyperintense to muscle. All 
cysts had high signal intensity on long-TR/TE, PSI, and 
GRASS sequences and were well circumscribed with smooth 
walls. Septations were noted on T2-weighted images in four 
of five ganglion cysts and in four of 11 meniscal cysts. In the 
two patients with CT scans, the cystic lesions were of low 
attenuation. Septations in one cyst were identified on the MR 
image but not on the CT scan. 





Fig. 1.—Large posterior medial meniscal cyst. 

A, Coronal SE 2000/20 image. Horizontal tear 
in posterior horn (arrowheads) extends into cyst 
(C). 

B, Sagittal SE 2000/20 image. Horizontal tear 
extends to inferior surface of posterior horn (ar- 
row). 

C, Sagittal GRASS 22/12, 30° flip-angle image 
(same location as B). Tear is well visualized 
(arrow) with some loss of resolution due to the 
larger field of view. 

D, Sagittal SE 2000/100 image 6 mm medial 
to B. Cyst (C) is seen posteriorly, but little fluid 
is present within tear. 

E, Sagittal GRASS 22/12, 30° flip-angle im- 
age. Cyst (C) and tear in posterior horn (arrow- 
head) both show high signal intensity. 
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All 11 meniscal cysts were associated with horizontal or 
complex meniscal tears extending into the cyst. Arthroscopic 
confirmation of the tears was available in eight patients. The 
tears were best visualized on short-TR/TE and long-TR/short- 
TE images (Fig. 1). The meniscal tears showed high signal 
intensity equivalent to the cyst on GRASS and PSI images 
(Fig. 2). In six cases, enough fluid was present within the 
tears to yield detectable high signal intensity on long-TR/TE 
images (Fig. 3). There were seven posterior medial cysts, two 
anterior medial cysts, and two lateral cysts. One of the lateral 
cysts was associated with a discoid meniscus. The six pal- 
pable cysts measured from 2 to 6 cm in diameter. The five 
incidental cysts measured from 0.5 to 2 cm in diameter. An 
open surgical biopsy was performed on one of the cysts. In 
this patient, the relationship of the cyst to the underlying 


Fig. 2.—Posterior medial meniscal cyst. 

A, Coronal SE 2000/20 image. Horizontal tear 
is seen in posterior horn (arrow), and cyst (C) 
has a homogeneous appearance. 

B, Coronal GRASS 22/12, 30° flip-angle im- 
age. Both tear (arrow) and cyst (C) are well 
visualized with high signal intensity. Hyaline car- 
tilage also has a high signal intensity (arrow- 
heads). 





A 


Fig. 3.—Discoid lateral meniscus with horizontal tear and meniscal cyst. 
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meniscal tear was not seen on the MR study by the operating 
surgeon. The communication with the joint was discovered 
during the surgery. 

No meniscal tears were detected in the five patients with 
ganglion cysts. In four patients, the MR findings were con- 
firmed at surgical resection, and the cysts were found to be 
filled with a viscous, gelatinous material. In one patient, a cyst 
located superficial to the lateral joint capsule spontaneously 
ruptured and no surgery was performed. Two patients had 
intramuscular cysts. One was located in the vastus lateralis 
muscle and one in the semimembranosus muscle. These 
cysts were dissected easily from within the muscles at sur- 
gery. No definite relationship to the knee joint could be 
visualized on MR for either of these two lesions. In one of 
these patients, no connection was shown at arthrography or 








A, Sagittal SE 2500/20 image. Horizontal tear extends through entire meniscus (arrow), and small cyst is seen anteriorly (arrowhead). 

B, Sagittal SE 2500/80 image. Fluid within anterior aspect of tear (arrow) can be seen extending directly into cyst (arrowhead). 

C, Coronal SE 2500/80 image. Cyst can be seen deep to lateral capsule (arrowhead). Normal medial meniscus (black arrow) is much smaller than 
enlarged lateral meniscus, which extends to intercondylar notch (white arrow), covering entire weight-bearing surface of lateral compartment. 
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surgery. In the other patient, a fibrous band connecting the 
cyst to the suprapatellar pouch was noted at surgery but was 
not detected on MR. 

In the other three patients, fluid-filled extensions of the 
cysts adjacent to the joint capsule could be identified on long- 
TR/TE images. In one patient with a tibiofibular cyst, who 
presented with a peroneal nerve palsy, a long connection to 
the joint capsule was seen (Fig. 4). This relationship was not 
seen on CT scan or arthrography with delayed films. The 
connection to the joint capsule could not be visualized defi- 
nitely at the time of surgery. In another patient with a supra- 
patellar cyst, the presence of a joint effusion that outlined the 
suprapatellar pouch was useful in showing the close relation- 
ship of the cyst to the joint (Fig. 5). This finding was confirmed 
at surgery. 


Discussion 


Meniscal and ganglion cysts of the knee usually present in 
locations atypical for simple popliteal cysts. Before surgery, 
it is important to confirm the cystic nature of these lesions, to 
determine their relationship to the joint, and to evaluate the 
joint for the presence of associated intraarticular disease. 
Sonography, CT, and arthrography have been used in the 
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evaluation of cystic lesions of the knee, but each technique 
has specific limitations. Sonography is excellent for detecting 
fluid-filled structures but has limited ability to evaluate the 
relationship of cysts to intraarticular structures. CT can show 
cysts as well as intraarticular disease [9], but it has limited 
contrast resolution and may not detect small horizontal men- 
iscal tears [10]. Arthrography can detect cysts that commu- 
nicate with the joint, but it is a semiinvasive technique and 
Offers little information about noncommunicating cysts [11]. 

The value of MR in the diagnosis of soft-tissue lesions [12] 
and knee disease [13] has been well documented. MR is 
particularly well suited to the evaluation of these cystic lesions 
of the knee because it can obtain direct multiplanar images 
with excellent soft-tissue contrast and because it can detect 
meniscal tears noninvasively without the use of ionizing radia- 
tion. These cysts have characteristic appearances on MR that 
depend on the pulsing sequences used to control image 
contrast and pathoanatomic considerations specific to the 
particular lesion. 


Pulsing Sequences 


Cystic lesions on MR have markedly increased signal inten- 
sity on long-TR/TE images and are well circumscribed with 


Fig. 4.—Ganglion cyst adjacent to proximal 
tibiofibular joint, causing peroneal nerve palsy. 

A, CT scan shows low-attenuation mass lat- 
eral to proximal fibula (arrows). 

B, Coronal SE 600/25 image. Isointense mass 
(arrow) poorly visualized lateral to proximal fi- 
bula (F). 

C, Coronal SE 2000/50 image. Excellent vis- 
ualization of well-circumscribed mass with inter- 
nal septations (arrowhead), suggesting diagno- 
sis of a cyst. 

D, Coronal SE 2000/75 image. High-signal- 
intensity connection (arrow) visualized between 
lateral joint capsule and anterior aspect of cyst 
(C). Normal lateral meniscus (arrowhead). 
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Fig. 5.—Suprapatellar ganglion cyst. 

A, Sagittal SE 2500/80 image. Small effusion 
in suprapatellar pouch (arrowhead) shows close 
relationship of septated cyst (C) to joint space. 

B, Axial partial saturation interleave 750/30 
20° flip-angle image. High-signal-intensity cyst 
(C) is well visualized posterior lateral to quadri- 
ceps tendon (arrowhead). Flow enhancement is 
seen incidentally in popliteal vessels (arrow). 


smooth walls. Most meniscal cysts and ganglion cysts are 
filled with a gelatinous substance and have a high protein 
concentration. An increase in protein concentration results in 
relative T1 shortening due to acceleration of relaxation rates 
of water molecules bound to proteins [14]. This T1-shortening 
effect accounts for the frequent isointensity of these cystic 
lesions with surrounding muscle on short-TR/TE sequences. 
For this reason, meniscal and ganglion cysts may be detected 
on T1-weighted images only when a visible mass effect on 
surrounding structures is present. Short-TR/TE images are 
useful as rapid localizing sequences and in the detection of 
meniscal tears. The cysts can be seen better on long-TR/ 
short-TE images, which have mixed contrast based on con- 
tributions from T1, T2, and proton spin density. Meniscal 
tears are also seen well on these images. Long-TR/TE images 
are best for seeing cysts and are also useful for detecting 
subtle connections to the joint or septations that may not be 
detectable in other images. 

New fast-scanning sequences such as GRASS and PSI 
offer many of the advantages of long-TR sequences with 
shorter examination times [15]. Fluid in cysts and meniscal 
tears can be seen with high signal intensity because of high 
proton-density and long-T2* values. Relative T2* weighting 
can be accomplished by using a variety of techniques, but a 
complete discussion of contrast relationships in fast scanning 
is beyond the scope of this article. The GRASS and PSI 
sequences used in the present study provide excellent vis- 
ualization of cysts and meniscal tears, comparable with that 
obtained with SE sequences. For comprehensive knee ex- 
aminations, however, there is limited experience with the use 
of these fast-scanning techniques in the evaluation of liga- 
mentous, bone marrow, and hyaline cartilage abnormalities 
(16, 17], and conventional SE techniques remain the gold 
standard. 


Meniscal Cysts 


Meniscal cysts are invariably associated with horizontal 
meniscal tears [18]. Several etiologic theories have been 
proposed for the development of these cysts, but the domi- 
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nant theory suggests that synovial fluid is forced out through 
the underlying tear and accumulates at the meniscocapsular 
margin to form a cyst [19]. Recurrence of the cysts is common 
after surgical treatment unless the meniscal tear is addressed 
[20]. MR demonstration of a tear extending into a meniscal 
cyst at the joint margin corresponds to the arthrographic 
visualization of contrast material extending into a club-shaped 
dilatation at the periphery of a meniscal tear [3]. Complete 
filling of a large cyst usually does not occur on arthrography 
because of the gelatinous nature of the cyst fluid. 

The largest cysts in this series were located posterior 
medially, which is consistent with the findings of Smillie [21]. 
Cysts located posterior to the medial collateral ligament are 
more apt to penetrate the capsule and expand in an unre- 
stricted fashion. Large cysts of this type may be misdiagnosed 
clinically as popliteal cysts. On the lateral side, cysts are more 
likely to be contained within the joint capsule, filling a potential 
Space adjacent to the mid portion of the meniscus between 
the lateral collateral ligament and the iliotibial band. Meniscal 
cysts reportedly involve the lateral meniscus more frequently 
than the medial meniscus, which is the opposite of the findings 
in the present series. The present small series might be biased 
by the fact that referring clinicians are more likely to use MR 
to evaluate patients with large unusual medial cysts, whereas 
those with the more common small lateral cysts may be sent 
directly to arthroscopy for treatment of a suspected underly- 
ing meniscal tear. 


Ganglion Cysts 


Ganglion cysts may resemble meniscal cysts in that they 
present as a mass near the joint, but they are not associated 
with meniscal tears [22]. These lesions contain a jellylike 
viscous fluid similar to the material found within meniscal 
cysts, first described by Hippocrates [23] as having the 
appearance of “mucoid flesh.” Multiple components of ganglia 
have been described, including a main cyst that may be 
lobulated and irregular, pseudopodia that extend from the 
main cyst along fascial planes, and small capsular cysts that 
communicate with the main cyst and are found within the 
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substance of the capsule or within the sheath of a tendon 
[4]. In our cases, no joint communications were identified in 
the two patients who underwent arthrography, but possible 
connections to the joint capsule were suggested on MR in 
three patients. Of course, the lack of dynamic evaluation of 
the joint spaces on MR does not allow one to see actual 
movement of fluid from one compartment to the other. Vis- 
ualization of fluid extensions from the ganglion cysts to the 
joint capsule may represent visualization of the capsular 
components of the cyst. Demonstration of the relationship of 
the cyst to the capsule may be important in differentiating 
ganglia from other lesions and also in planning surgery, as 
failure to remove the capsular components of these cysts 
may lead to recurrence [4]. 

Ganglion cysts occur in variable locations around the knee, 
as shown by our five cases. A diagnosis of this benign 
condition should be considered, even when the mass is 
located within a muscle bundle. In both cases of intramuscular 
ganglion, the diagnosis was suggested before surgery by the 
well-circumscribed, homogeneous appearance on MR. The 
presence of septations in one of the intramuscular ganglia 
was considered to be evidence of the cystic nature of the 
lesion. The tibiofibular cyst and suprapatellar cyst could be 
distinguished from other lesions by their characteristic ana- 
tomic locations and also by the presence of septations. A 
neural tumor was considered a likely diagnosis in the patient 
with the tibiofibular cyst who presented with a peroneal nerve 
palsy, but a cyst was thought to be more likely after the MR 
examination was done. Nerve compression by a ganglion cyst 
in this region has been described previously by Sutro [24]. In 
the suprapatellar cyst, the location adjacent to the suprapa- 
tellar pouch was useful in suggesting the appropriate diag- 
nosis. DeSmet and Neff [25] described three cysts in this 
location that failed to communicate with the joint at arthrog- 
raphy but that were readily diagnosed with CT. 


Conclusion 


Meniscal and ganglion cysts usually present clinically as 
palpable masses in locations around the knee that are atypical 
for popliteal cysts. Meniscal cysts also may be discovered 
incidentally on studies performed for suspected internal de- 
rangement. MR can distinguish between these two types of 
cystic lesions and can provide valuable information before 
surgery regarding associated meniscal tears and the relation- 
ship of the cysts to the joint. Long-TR/asymmetric-TE, 
GRASS, or PSI images provide excellent soft-tissue contrast 
and are valuable in visualizing these lesions. 
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Knee Ligament Reconstruction: 
Plain Film Analysis 





New concepts in knee ligament reconstruction have recently emerged, significantly 
improving the success of surgical reconstruction of anterior and posterior cruciate 
ligaments, using high-strength bone-patellar tendon-bone grafts, as well as medial and 
lateral collateral soft-tissue ligament reconstructions. We reviewed plain radiographs of 
50 patients with a total of 72 ligament reconstructions to determine radiographic signs 
of complications. A major early complication relates to reconstructed ligament position- 
ing. Isometric positioning of the reconstruction is important for all ligaments, but it is 
most crucial for the femoral portion of the anterior cruciate ligament. Three cases of 
nonisometric ligament positioning were identified, two anterior cruciate ligaments and 
one medial collateral ligament. Another early complication is graft fracture, identified in 
two cases of anterior cruciate ligament reconstruction. Hardware failure did not occur 
in this series. Late complications include motion of the graft (none in this series) and 
patellar fracture (one case in this series). Effusions resolved by 4 weeks in 92% of the 
cases. However, prolonged effusions are usually sterile and should not be mistakenly 
diagnosed as representing a septic joint if they are an isolated finding. Nonunion of the 
graft within its osseous tunnel is unusual. Union occurred in 79% of cases by 6 weeks 
and in 95% of cases by 5 months. Osseous tunnel sclerosis alone is not considered a 
complication. 

We conclude that postoperative plain film radiography is important for assessment of 
graft and hardware position as well as for the detection of early and late surgical 
complications. 


Ligamentous injuries of the knee continue to be a common occurrence in our 
increasingly active society. Historically, reconstruction of these ligaments was 
performed by using only soft tissue, a procedure that required prolonged immobi- 
lization of the knee. Radiographic analysis played little or no role in following these 
repairs because most complications could not be detected on plain films. New 
surgical concepts for cruciate ligament reconstruction [1] use a higher strength 
patellar tendon graft, rigidly anchored in the femur and tibia by bone plugs harvested 
with the patellar tendon graft. This high-strength, rigidly fixed reconstruction allows 
early mobilization, which requires early and frequent plain films to ensure proper 
positioning of hardware or the easily visualized graft bone plugs to evaluate possible 
complications and/or failure. Therefore, the radiologist should be familiar with the 
normal postoperative appearance of the reconstructed knee as well as with the 
common complications, so that any deleterious effect of early motion can be 
detected. 

The present study is designed to identify major complications of knee ligament 
reconstruction that can be detected by plain radiographs. In addition to discussing 
obvious complications, we identify radiographic features that indicate proper place- 
ment of the grafts or hardware in anterior cruciate, posterior cruciate, medial 
collateral, and lateral collateral ligament reconstructions, because improper graft 
placement is itself a complication of the surgical procedure. Finally, the natural 
history of graft incorporation is discussed. 
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Subjects and Methods 


Two of the authors retrospectively reviewed the plain films of 50 
consecutive patients who underwent ligamentous reconstruction of 
the knee by a specific orthopedic surgeon between 1983 and 1986. 
The patients (32 men, 18 women) ranged in age from 15 to 38 years. 
Seventy-two ligament reconstructions were evaluated in these 50 
patients: 45 anterior cruciate and eight posterior cruciate ligament 
reconstructions, and 16 medial collateral ligament and three lateral 
collateral ligament reconstructions. Plain films of the involved knee 
were obtained immediately after surgery. Routine projections in pa- 
tients who underwent reconstruction of the anterior cruciate ligament 
or posterior cruciate ligament included anteroposterior, lateral, and 
tunnel (notch) projections. Only anteroposterior and lateral films were 
obtained for medial or lateral collateral ligament reconstructions. 
These initial studies were evaluated for graft position (isometric 
attachment), hardware position, and immediate complications. 

After evaluation of ligament-reconstruction position and any im- 
mediate complications, evidence of late complications was sought. 
Sequential comparison studies were routinely obtained at 2 weeks, 
6-8 weeks, and 4-6 months. Of the 53 anterior and posterior cruciate 
ligament reconstructions performed, 44 were followed for at least 6 
weeks after surgery, with a mean follow-up of 5.8 months. These 
follow-up studies were evaluated for bone density, resolution of knee 
effusion, late complications, and graft failure. The bony portions of 
the patellar tendon grafts were scrutinized closely for incorporation, 
change in position, and fracture. Conventional tomography was used 
in selected cases for further evaluation of suspected abnormalities. 


Normal Postoperative Radiographic Appearance 


Of the 44 anterior and posterior cruciate ligament reconstructions 
with adequate follow-up in this study, 42 involved the newer technique 
of high-strength patellar tendon graft. This reconstruction uses one- 
third of the patellar tendon, which is harvested with a wedge of bone 
from both its patellar and tibial insertions to form a bone—patellar 
tendon—bone composite. The bone plugs harvested with the graft 
are placed within osseous tunnels drilled in the distal femur and 
proximal tibia (Fig. 1). The plugs are rigidly fixed. The hardware may 
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be either an interference screw serving to press the bone plug against 
the side of the drill hole or a staple securing soft tissue attached to 
the bone plug [2]. The interference screw is placed beside the bone 
graft, and the screws or staples themselves do not represent the site 
to be evaluated in either anterior or posterior cruciate reconstructions. 

lsometry is an important biomechanical principle in knee ligament 
reconstruction. Isometric points are those points of ligament attach- 
ment on the femur and tibia that allow the ligament to maintain a 
constant length during flexion and extension of the knee [3, 4]. 
Isometric points may be defined on radiographs (Fig. 2), and place- 
ment of grafts or hardware may be assessed for isometry. 

The site of interest in the cruciate reconstructions is the opening 
of the osseous tunnels at the articular surface of the knee. The bone 
plug portion of the graft may or may not be located at this site, 
depending on the length of the patellar tendon portion of the graft 
and the length needed for the reconstruction. 

The anterior cruciate ligament extends from the intercondylar 
eminence of the tibia to the lateral femoral condyle. In general, 
ligament isometry is dependent on the relative positions of both 
attachment points. However, for the anterior cruciate ligament (and 
most knee ligaments), isometry is less sensitive to the site of tibial 
attachment than to the femoral site. The osseous tunnel through the 
tibia should generally exit in the region of the anatomic anterior 
cruciate attachment. Thus, on a lateral film, the tibial osseous tunnel 
begins distally and anteriorly at the tibial tubercle and courses pos- 
teriorly to exit the tibial articular surface immediately anterior to the 
anterior tibial spine (Fig. 1B). On the anteroposterior or notch views, 
the tibial osseous tunnel begins on the medial side distally and 
courses laterally to emerge centrally at the intercondylar eminence 
on the tibial plateau (Fig. 1A). 

If we assume a Central (or anatomic) tibial attachment, the isometric 
point on the lateral femoral condyle for the anterior cruciate ligament 
lies in close relationship to the anatomic attachment site (Fig. 2) [3- 
6]. This point can be visualized radiographically on a lateral projection 
as the intersection of two lines representing the posterior femoral 
cortex and the intercondylar shelf (Fig. 1B). On the anteroposterior 
or notch film, the femoral osseous tunnel begins laterally just superior 
to the lateral femoral condyle and emerges on the superolateral 
aspect of the intercondylar notch. 

The posterior cruciate ligament originates from the posterior aspect 


Fig. 1.—Anterior cruciate ligament reconstruc- 
tion. 

A, Notch view. Bone plugs are seen within os- 
seous tunnels (/ong arrows), and tunnels emerge 
on articular surface at isometric sites. Interference 
screws are located within tunnels and press bone 
plugs against wall. Also apparent is loss of cortical 
density on medial wall of lateral femoral condyle 
(short arrow); this surgical widening is called a 
notch-plasty and serves to improve exposure and 
avoid impingement of graft within notch. 

B, Lateral view shows bone plugs (straight ar- 
rows) and osseous tunnels to be in normal iso- 
metric position (curved arrow shows crucial fem- 
oral isometric point, at junction of two lines repre- 
senting posterior femoral cortex and intercondylar 
shelf). 
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of the tibia below the joint line and attaches superiorly to the posterior the femoral osseous tunnel is at the medial aspect of the medial 
aspect of the lateral side of the medial femoral condyle. Although the femoral condyle and courses distally to enter the intercondylar notch 
femoral isometric point has not been studied as well, one report at its junction with the articular surface of the medial femoral condyle 
suggests that the femoral isometric point occurs at the anterior (Fig. 3A). 

portion of this femoral attachment site [7]. This location is visualized The isometric point for the posterior cruciate ligament on the tibial 
radiographically as being nearly at the center of the femoral condyle side is believed to be its anatomic attachment site (Fig. 2). On the 
along the line representing the intercondylar shelf on the lateral film lateral film, the osseous tunnel begins distally and anteriorly at the 
(Fig. 2B). Thus, on a lateral film, the femoral osseous tunnel in a tibial tubercle and courses posteriorly and proximally to emerge from 
posterior cruciate repair courses from an anterior position at its the posterior tibia just below the tibial articular surface (Fig. 3B). On 
proximal aspect posteriorly to the isometric point as described pre- the anteroposterior film, the osseous tunnel begins distally just lateral 
viously (Fig. 3B). On the anteroposterior film, the proximal aspect of to the tibial tubercle and courses proximally toward the intercondylar 


Fig. 2.—lsometric points. 

A, Anteroposterior film showing ideal sites of 
femoral and tibial osseous tunnels for anterior (A) 
and posterior (P) cruciate ligament reconstruc- 
tions. Isometric points are at tunnel openings on 
articular surface of knee. Also shown are isometric 
attachment sites for medial collateral ligaments 
(MC) and lateral collateral ligaments (LC). 

B, Lateral film showing ideal positions of fem- 
oral and tibial osseous tunnels for anterior (A) and 
posterior (P) cruciate ligament reconstructions. 
See text for precise description of radiographic 
landmarks for these reconstructions. 





A B 


Fig. 3.—Posterior cruciate ligament reconstruction. Fig. 4.—Lateral collateral ligament repair, 

A, Anteroposterior view. Black arrows show bone plugs of bone-patellar tendon-bone graft, and showing staple in normal position just superior to 
white arrows indicate isometric position of osseous tunnels at articular surface. Soft tissues attached _popliteus groove (black arrow). Avulsion of fibular 
to femoral bone plug are secured to femur by staples, rather than by interference screw. Staple styloid process (white arrow) frequently occurs, 
position is not important. but did not require internal fixation in this case. 

B, Lateral view. Black arrows show bone plugs, and white arrows indicate isometric position of | Anterior cruciate reconstruction is also shown, 
osseous tunnel opening. with screws and bone plugs in normal position. 
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Fig. 5.—Examples of nonisometric reconstruction (from other institutions, included for illustrative 


purposes but not part of our series). 


A, Anterior cruciate reconstruction with femoral osseous tunnel (arrow) placed anterior to isometric 


site. Tibial osseous tunnel is in normal position. 


B, Previous failed intraarticular anterior cruciate reconstruction with placement of tibial osseous 
tunnel that is too lateral (arrow). After failure, salvage was attempted with prosthetic ligament 
(proximal and distal screws) and extraarticular augmentation (middle screw). 


eminence. In this projection, the tunnel appears to end proximal to 
the intercondylar eminence, corresponding to the anatomic site of 
attachment on the tibia posteriorly. (Fig. 3A). 

Medial and lateral collateral ligament reconstructions use soft 
tissues only. Because the presumed isometric attachment sites of 
the medial collateral ligament correspond to the anatomic femoral 
and tibial attachments, reconstructions of the medial collateral liga- 
ment can easily be evaluated radiographically by the staple place- 
ment. On the anteroposterior film, the femoral attachment of the 
medial collateral ligament is on the medial epicondyle, immediately 
distal to the adductor tubercle. The tibial attachment is on its medial 
aspect; it begins at a level corresponding to the distal end of the tibial 
tubercle and may extend another 2 cm distal to that site (Fig. 2A). 
The attachments are at the same level on the lateral film, but slightly 
posterior to the center of the long axes of both the femur and tibia. 
Staple placement should correspond to these landmarks. 

The lateral collateral ligament is shorter than the medial collateral, 
coursing from the lateral aspect of the lateral femoral condyle distally 
and slightly posteriorly to insert on the styloid process of the fibular 
head (Fig. 2A). Like the medial collateral ligament, isometric attach- 
ment is at the femoral and fibular anatomic insertion points. On the 
anteroposterior film, then, staples would be located at the superior 
aspect of the lateral femoral condyle just superior to the popliteus 
groove and at the fibular styloid process (Fig. 4). The lateral film 
would show hardware on the femoral condyle posteriorly (in line with 
the posterior femoral cortex) and on the fibular head. 


Results 


The position of the femoral attachment site in the 45 
anterior cruciate ligament reconstructions was judged to be 
isometric in all but two instances. In these two cases, the 
graft was placed posteriorly. In one case, the radiographic 
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Fig. 6.—Medial collateral ligament repair, with 
nonisometric placement of femoral staple (long 
arrow). This staple should be placed more proxi- 
mally on femoral condyle, just distal to the adduc- 
tor tubercle (short arrow). A normal anterior cru- 
ciate reconstruction is also seen, with interference 
screws in position. 


findings correlated well with the clinical findings of noniso- 
metric attachment (increased laxity with knee flexion). Some 
mild variability was seen in the placement of the tibial osseous 
tunnel and bone plug, but this did not appear to be significant 
Clinically. Examples of nonisometric graft placement are 
shown in Figure 5. 

Graft placement in all posterior cruciate ligament cases 
approximated the normal ligament attachment site, the loca- 
tion that currently is considered most satisfactory for recon- 
structive purposes [7]. Of the 16 medial collateral ligament 
reconstructions, one repair showed nonisometric placement 
at the femoral attachment site (Fig. 6). The three lateral 
collateral ligament repairs all showed isometric placement. 

Three complications observed on films obtained immedi- 
ately after surgery involved fractures. One fracture involved 
the patella (Fig. 7). A second fracture involved the femoral 
bone plug itself (Fig. 8). In the third case, holes drilled in the 
bone plug to assist in pulling the plug through the femoral 
tunnel acted as a stress concentrator, and the graft fractured 
at one of these sites. No other immediate complications were 
found. One case of pseudofracture of the bone graft led to 
initial misinterpretation (Fig. 9). 

Evaluation of the bone density in sequential studies showed 
osteoporosis of variable severity in 56% of the patients. This 
finding, as expected, was largely related to the fact that a 
more severely injured knee frequently requires a longer period 
in which it is immobilized and does not bear any weight. 

Knee effusions were seen on the initial study in all patients 
undergoing cruciate ligament reconstruction. These usually 
resolved within 4 weeks, although 8% were found to have 
effusions in later studies. One patient was clinically and radio- 
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Fig. 7.—Patellar fracture (arrow) 
sustained secondary to harvest of pa- 
tellar tendon graft. Defect along ante- 
rior surface represents donor site. 


Fig. 8.—Fracture of bone plug (ar- 
row) after anterior cruciate ligament re- 
construction. Immobilization of knee 
was required to prevent distal fragment 
from pulling through osseous tunnel 
into articular region and causing laxity. 


Fig. 9.—“Pseudofracture” of tibial 
bone plug (arrow), which actually is 
normal growth center in tibial tubercle 
apophysis of skeletally immature allo- 
graft donor. 


Fig. 10.—Late follow-up film of an- 
terior cruciate ligament reconstruction 
shows prominent sclerosis (arrows) of 
both femoral and tibial tunnel margins. 
Graft incorporation is complete; this ap- 
pearance is common and is not indic- 
ative of complication. 


graphically suspected to have joint sepsis, but cultures of 
synovial fluid were negative. 

Hardware failure (screw or staple breakage or pullout) did 
not occur in this series. No cases of late graft failure occurred 
(best detected on either anteroposterior or tunnel view as a 
relative change in position of the plug). However, in several 
instances, the inferior pole of the patella was found on the 
tunnel view to overlie the intercondylar notch, so that there 
appeared to be bone density within the intercondylar notch 
and, therefore, graft migration. This confusing appearance is 
one potential pitfall in interpretation. 

Incorporation of the graft was quite variable. In some pa- 
tients, the graft was not well seen, and assessment of bony 
union was difficult. Evidence for bony union was seen as early 
as 3 weeks after cruciate ligament reconstruction with patellar 
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tendon grafts. Of those patients who were followed 6 weeks, 
79% showed radiographic signs of incorporation. In those 
grafts followed at least 5 months, 95% were judged to be 
incorporated. No significant difference was seen in the rate 
of bony union between patellar tendon autografts and allo- 
grafts. There were several cases of a relatively lucent ap- 
pearance around the graft before incorporation. Sclerosis of 
the osseous tunnels was also noted in a significant number 
of cases (Fig. 10). 


Discussion 


Only one previous report discusses the radiographic ap- 
pearance of current knee ligament reconstructions [8]. That 
paper discussed only superficially the appearance of bone- 
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patellar tendon—bone grafts and restricted its scope to ante- 
rior cruciate ligament repairs. The only complication reported 
was patellar fracture. The present study includes analysis of 
anterior cruciate, posterior cruciate, medial collateral, and 
lateral collateral reconstructions. In addition, several important 
complications are discussed. 

Anterior and posterior cruciate ligament reconstruction with 
rigidly fixed, high-strength graft material theoretically requires 
placement at isometric points to allow proper function without 
abnormal stretching or laxity of the ligament during knee 
motion. Similarly, medial and lateral collateral ligament soft- 
tissue reconstructions should be isometrically attached. Re- 
constructions that are not placed isometrically will lead to 
stretching of the ligament and/or limitation of knee motion (a 
suboptimal clinical result) and probable failure. Evaluation for 
isometry is made by plain film analysis. This study identifies 
radiographic landmarks for isometric points and shows that 
reconstructions can be evaluated easily for isometric place- 
ment. If postoperative films show nonisometric reconstruc- 
tion, the repair is either revised or protected with immobiliza- 
tion; such repairs require more frequent radiographic follow- 
up. 

Early postoperative knee motion is one of the advantages 
of the newer ligament reconstructions, but it has the potential 
complication of early graft failure. Therefore, immediate post- 
operative films should be evaluated for fracture, especially of 
the bone plug in anterior or posterior cruciate ligament repairs. 
Early detection of such graft fractures is vital because a 
fractured graft may migrate through the tunnel toward the 
articular surface, resulting in increased laxity of the ligament. 
lf a fracture is detected before such migration occurs, bracing 
and immobilization may prevent further problems. A pseudo- 
fracture may be seen when cadaveric tendon grafts are 
harvested from skeletally immature donors. The tibial bone 
plug, harvested from the tibial tubercle apophysis in the 
immature donor, may show a lucency representing normal 
lack of fusion of the apophysis and simulate a fracture at this 
site. In the one case of this finding in our series, knowing that 
the donor was skeletally immature and obtaining radiographs 
of the unused remaining half of the donor patellar tendon graft 
led to the correct interpretation. 

When the bone-patellar tendon—bone graft is obtained from 
the patient, rather than a cadaver, the patella normally has a 
defect on its anteromedial surface (the bone-plug harvest 
site). This is seen as a vertical defect on the anteroposterior 
film or as a groove on the sunrise film. This defect may act 
as a stress riser and result in patellar fracture. 

The relatively common finding of late knee effusions con- 
firms that finding described in another study [8]. Late post- 
operative knee effusions as an isolated finding are therefore 
not suggestive of sepsis. 

Theoretically, the graft can loosen within the tunnel and 
with early motion may pull through into the joint. Although 
such late graft failure was not encountered in this study, it 
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should be evaluated carefully because promptly immobilizing 
the knee may salvage the procedure. 

Our study indicates that graft incorporation can be ex- 
pected by 5 months (although it often occurs earlier), which 
is consistent with previous reports [9]. The sclerosis of the 
osseous tunnels commonly seen on follow-up films may be 
caused by bone necrosis due to the heat generated during 
drilling of the tunnel. Another explanation for tunnel sclerosis 
applies to earlier reconstructions that used only tendinous 
tissue. Tunnel sclerosis in those cases was thought to rep- 
resent a tendon “nonunion,” that is, fibrous healing to the 
cortical walls of a sclerotic osseous tunnel. Although compos- 
ite bone-tendon-bone grafts were used for most reconstruc- 
tions in this series, occasionally tendinous material extended 
well into the osseous tunnels, depending on the length of the 
graft. In these instances, tunnel sclerosis may indicate this 
same tendon “nonunion” phenomenon. Whatever the expla- 
nation, tunnel sclerosis is not a complication. 

In summary, new surgical procedures for anterior and pos- 
terior cruciate ligament reconstruction have been developed, 
which are based on use of high-strength graft materials, rigid 
fixation, and attachment to appropriate isometric points. Iso- 
metry is now recognized as important in medial and lateral 
collateral ligament reconstructions as well. Bone-soft tissue 
composite grafts used in conjunction with metallic fixation are 
visualized easily on conventional radiographs. Early motion of 
the reconstructed knee provides many beneficial effects, but 
it also carries the potential complication of early failure. There- 
fore, frequent radiographic studies are needed in these pa- 
tients to evaluate adequacy of ligament-graft attachment as 
well as to detect any deleterious effect of early motion. 
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Shoulder Impingement Syndrome: 
MR Findings in 53 Shoulders 





The shoulder impingement syndrome refers to a condition in which the supraspinatus 
tendon and subacromial bursa are chronically entrapped between the humeral head 
inferiorly and either the anterior acromion itself, spurs of the anterior acromion or 
acromioclavicular joint, or the coracoacromial ligament superiorly. As a result, the space 
for the bursa and tendon is reduced, and repeated trauma to these structures leads to 
bursitis and rotator cuff injury. Although pain and limitation of motion are common early 
findings, the diagnosis is often delayed until a complete tear of the rotator cuff has 
occurred. In an attempt to determine if MR can be used to depict the abnormalities 
associated with impingement syndrome (subacromial bursitis, supraspinatus tendinitis, 
and rotator cuff tear), we reviewed 107 MR scans of painful shoulders. Changes 
consistent with impingement syndrome were found in 53 patients (50%), 32 of whom 
underwent subsequent arthrography or surgery. MR was found capable of depicting 
several soft-tissue and bony abnormalities that have been clinically described in im- 
pingement syndrome. In regions of inflammation, we found that the supraspinatus tendon 
and/or the subacromial bursa were compressed by spurs (25 shoulders), capsular 
hypertrophy of the acromioclavicular joint (six shoulders), and/or a low-lying acromion 
(14 shoulders). While T1-weighted MR imaging was highly sensitive to abnormalities of 
the supraspinatus tendon, tendinitis could be differentiated from a small tear of the 
supraspinatus tendon only with T2-weighted imaging. Large, full-thickness tears, es- 
pecially if chronic, produced characteristic MR findings on both T1- and T2-weighted 
images. 

We conclude that MR can be used to detect several abnormalities associated with 
the shoulder impingement syndrome. 


Impingement syndrome is a painful condition that most commonly results from 
entrapment of the supraspinatus tendon between the humeral head and the anterior 
part of the acromion, coracoacromial ligament, or acromioclavicular joint [1-3]. The 
tendon of the long head of the biceps muscle may also be compressed [1, 3-5]. 
The disorder is due most often to repetitive trauma caused by vigorous overhead 
occupational or athletic endeavors and/or degenerative exostoses [1, 3, 5, 6]. 
Uncommonly, impingement results from a tumor or other abnormal mass or from 
the pressure of the coracoid process on the subscapularis tendon. It affects people 
of all ages from young adults to the elderly. Neer [5] has maintained that 95% of 
rotator cuff tears result from impingement. He stresses that anatomic variations in 
the shape and slope of the acromion can lead to a predisposition to impingement 
syndrome, aS can prominence of the acromioclavicular joint [3, 5]. Figure 1 
illustrates impingement of the supraspinatus tendon by hypertrophic spurs at the 
inferior aspect of the acromioclavicular joint. 

MR allows detailed imaging of the shoulder [7]. To determine if MR can be used 
to detect the lesions associated with impingement syndrome, we devised a method 
of evaluating the syndrome by using MR imaging. 
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Fig. 1.—Cadaveric cryomicrosection shows depression of supraspina- 
tus tendon by a spur of acromiociavicular joint. Section is oriented 
obliquely, along long axis of supraspinatus muscle belly. 


Materials and Methods 


MR scans of 107 shoulders in 96 patients were reviewed. All 
patients were referred for MR evaluation of a painful shoulder. Pa- 
tients who had undergone an invasive procedure localized to the 
shoulder, such as corticosteroid injection or arthrography, within 1 
week before scanning were not included. 

Scans were performed with a Fonar 0.3-T permanent-magnet 
system. T1-weighted images were obtained in all patients by using a 
spin-echo (SE) sequence (echo time [TE] = 28 msec, repetition time 
[TR] = 300-500 msec). In addition, T2-weighted spin-echo imaging 
was performed in 46 patients, with a TE of 56-84 msec and a TR of 
1500-2000 msec. The decision to add T2-weighted imaging to the 
protocol was made after data collection was already under way. 
Images were either 5-mm thick and obtained at 7-mm intervals or 
were 3-mm thick and obtained at 5-mm intervals. A 256 x 256 matrix 
was used for imaging and was interpolated to 512 x 512 for display. 
Pixel size was 0.75 mm”. A planar surface coil was used for all scans. 

The technique for positioning the patient and placement of the 
surface coil has been described [7]. In that previous study evaluating 
normal anatomy, we determined that positioning the subject supine 
with the lower arm across the abdomen (i.e., with the elbow flexed 
and elevated and the humeral head internally rotated) afforded max- 
imal comfort for normal individuals. Fortuitously, this position pro- 
duces impingement in susceptible persons [3, 5], thus enhancing the 
detection of disease. 

Images were first acquired in the axial plane, followed by oblique 
imaging along the long axis of the belly of the supraspinatus muscle 
[7]. Oblique scanning allowed evaluation of the supraspinatus tendon 
and muscle in continuity, permitting the localization of regions of 
abnormal signal intensity and encroachment. Because the supraspi- 
natus tendon is the portion of the rotator cuff that is most vulnerable 
to trauma in the classic impingement syndrome, evaluation of the 
tendinous cuff was limited to this structure. 

The following soft-tissue structures were evaluated in each case: 
(1) the subacromial bursa was analyzed for signal intensity, thickness, 
and anatomic course; (2) the supraspinatus tendon was studied for 
signal intensity and anatomic course; (3) the musculotendinous junc- 
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tion of the supraspinatus muscle was analyzed for evidence of muscle 
retraction; and (4) the supraspinatus muscle was analyzed for signal 
inténsity. Other abnormalities indicative of impingement syndrome 
were also noted, including (1) spurs from the inferior margin of the 
acromion or acromioclavicular joint, (2) capsular hypertrophy of the 
acromiocliavicular joint, and (3) inferior displacement of the acromion 
with respect to its articulation with the distal clavicle. 

The changes seen on MR were classified into three types, depend- 
ing on the severity of the abnormalities. Type |, the least severe form 
of the disorder, implied subacromial bursitis manifested by bursal 
thickening; the signal intensity of the supraspinatus tendon and 
muscle remained normal. Type lla was characterized by abnormally 
high signal intensity of the supraspinatus tendon, while the supraspi- 
natus muscle remained normal in signal intensity and was without 
retraction. Type llb featured a very bright signal within the supraspi- 
natus tendon on T2-weighted images, but the supraspinatus muscle 
was not retracted; this implied disruption of the cuff, with fluid within 
the cuff tear. Type Ill changes included an abnormally high signal 
intensity from the supraspinatus tendon, as well as retraction of the 
supraspinatus muscle, indicating complete rupture of the cuff. In 
cases of type | or Il severity, the diagnosis of impingement syndrome 
was not made unless the subacromial bursa and/or supraspinatus 
tendon were compressed by overlying structural abnormalities. This 
was not a requirement of type III disease. 

Examples of pertinent normal anatomy are shown in Figure 2. 
Figures 3-5 represent the different types of impingement syndrome 
seen on MR. 


Results 


Using the aforementioned criteria, we identified 53 shoul- 
ders in 49 patients whose MR images were consistent with 
impingement syndrome, with or without complete tear of the 
rotator cuff. Scans in the remaining 54 patients were either 
normal or showed other shoulder abnormalities, including 
isolated labral tear, avascular necrosis of the humeral head, 
tumor, and infection. 

Of the 53 shoulders, six had findings of type | disease 
(isolated subacromial bursitis) and 29 showed signs of type 
lla disease (tendinitis). Lesions implying type Ilb or Ill disease 
were present in 18 shoulders. 

Fourteen of the 35 shoulders with type | and lla lesions 
underwent arthrography (eight patients) or arthroscopy (six 
patients). These examinations yielded small or partial cuff 
tears in three shoulders with type lla lesions. The other 11 
did not show rotator cuff tears. All 18 complete tears (type 
IIb or Ill) were confirmed by either arthrography (12 shoulders) 
or surgery (six shoulders). 

The coracoacromial ligament, a structure that usually is not 
depicted in MR images of normal shoulders, often was visu- 
alized on the oblique images of patients with subacromial 
bursitis. 

Glenohumeral joint effusions, encountered occasionally in 
patients with type Ill lesions, were best seen within the 
dependent (posterior) aspect of the joint on axial images. The 
fluid manifested low-to-medium signal intensity on T1- 
weighted images and became bright with T2 weighting. High 
signal intensity within the supraspinatus tendon on T2- 
weighted imaging was pathognomonic for a rotator cuff tear 
(Fig. 6). Fluid was not identified within the subacromial bursa 
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Fig. 2.—Oblique SE 500/28 MR im- 
age of a normal shoulder. Supraspina- 
tus musculotendinous junction lies 
inferior to acromion (A) or acromiocla- 
vicular joint (ACj). Undersurfaces of ac- 
romion and distal clavicle (C) approxi- 
mate same level, and supraspinatus 
apparatus courses beneath them in a 
relatively straight line, without focal 
depression. Tendon (SSt) of supraspi- 
natus muscle (SSm) is homogeneous 
and devoid of signal. Subacromial 
bursa (SAb) is a thin band of high signal 
intensity. 


Fig. 3.—MR image (SE 500/28) of 
type | impingement syndrome (sub- 
acromial bursitis). SE 500/28 image. 
Subacromial bursa (SAb) is thickened 
and compressed by anterior acromion 
(A), which lies low with respect to distal 
clavicle (C). Signal intensity of supra- 
spinatus tendon (SSt) is normal. No 
spurs were present radiographically or 
at surgery. SSm = supraspinatus mus- 
cle. 


Fig. 4.—MR image (SE 500/28) of 
type lla impingement syndrome (supra- 
spinatus tendinitis). Medium signal in- 
tensity is present within supraspinatus 
tendon (SSt). Subacromial bursa (SAb) 
is depressed by hypertrophic acromio- 
clavicular joint (ACj) capsule. Antero- 
posterior radiograph showed only mild 
degenerative changes in acromiocla- 
vicular joint. A = acromion, C = distal 
clavicle, SSm = supraspinatus muscle. 


Fig. 5.—MR image (SE 500/28) of 
type Ill impingement syndrome (com- 
plete rotator cuff). SE 500/28 image. 
Region of supraspinatus tendon (SSt) 
is replaced by a region of medium sig- 
nal intensity. Because musculotendi- 
nous junction is retracted (arrows), this 
represents a compiete rotator cuff tear. 
A = acromion, C =-distal clavicle, SSm 
= supraspinatus muscle. 


of any shoulder, a finding consistent with the extensive sur- 
gical experience of one of our authors. 

Subacromial or acromioclavicular joint spurs were found in 
25 shoulders, and the capsule of the acromioclavicular joint 
was found to be hypertrophic in six shoulders. The anterior 
acromion was low-lying with respect to the distal clavicle in 
14 shoulders. The subacromial space was completely oblit- 
erated in the shoulders of eight patients who had massive, 
long-standing tears. We assumed that any spurs that might 
have been present in these shoulders had been worn away 
by the chronic superior migration of the humeral head. 

Small subacremial and acromioclavicular spurs were char- 
acterized by foci of signal void. Large spurs frequently con- 
tained marrow and were therefore imaged as extensions of 
bright signal from the parent bone, surrounded by a rim of 
cortical signal void. Tendons compressed by spurs showed 
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abnormally high signal intensity. The exaggerated thickness 
of the subacromial bursa often decreased abruptly at the level 
of the spur, hypertrophic acromiocliavicular joint capsule, or 
low-lying acromion, indicating significant compression (Figs. 
3 and 4). 


Discussion 


We found MR to be an informative, noninvasive means of 
evaluating impingement syndrome. The impinging structures 
and entrapped tissues often could be imaged precisely, allow- 
ing specific details of the site and extent of bone and soft- 
tissue disease. Because it permitted differentiation of bursitis, 
tendinitis, and complete supraspinatus tear, MR could be 
used for classifying the extent of disease and for therapeutic 
planning. 
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Neer [5] and Neer and Welsh [8] have described three 
progressive stages of impingement syndrome as found clini- 
cally and at surgery. Stage | consists of edema and hemor- 
rhage and is reversible with conservative therapy. Stage Il 
implies fibrosis and thickening of the subacromial soft tissues, 
and sometimes a partial tear of the rotator cuff, and is 
manifested clinically by recurrent pain. Although the manage- 
ment of stage II lesions is controversial, failure of conservative 
treatment is usually an indication for surgery, most often 
consisting of division of the coracoacromial ligament and 
acromioplasty, with or without bursectomy. Stage Ill repre- 
sents complete rupture of the rotator cuff and is associated 
with progressive disability. 

Although several clinical tests have been devised to detect 
impingement syndrome [3, 5, 9], the signs and symptoms are 
somewhat nonspecific, and the diagnosis is often delayed 
until the development of a full-thickness tear of the rotator 
cuff [5]. Similarly, radiology plays little or no role in early 
diagnosis. Either diagnostic plain radiographic changes are 
absent, or they occur only late in the course of the disease 
[2, 5, 10, 11]. Those that occur earliest are sclerosis of the 
greater tuberosity of the humerus and spurring of the inferior 
surface of the acromion or acromioclavicular joint. As the 
disease progresses, radiographs may show the typical bony 
changes associated with a chronic rotator cuff tear, including 
an acromiohumeral distance of less than 7 mm [12], superior 
migration of the humeral head, and a concave depression on 
the inferior surface of the acromion. However, even in stage 
Ill disease, radiographs are often normal. Conversely, irregu- 
larity or apparent sclerosis of the greater tuberosity may be 
a normal variant [6, 10], and spurs of the inferior margin of 
the acromion or acromioclavicular joint do not necessarily 
imply associated soft-tissue disease [3]. 

Arthrography aids little in the early diagnosis of impinge- 
ment syndrome. Even when performed with conventional 
tomography or CT, the arthrogram is usually normal in stage 
| disease and may easily be misconstrued as normal in stage 
ll disease, even in the face of an incomplete or small tear of 
the rotator cuff [13]. 
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Fig. 6.—MR image (SE 2000/84) of 
type Ill impingement syndrome (com- 
plete rotator cuff tear). High signal in- 
tensity is present within supraspinatus 
tendon (SSt). Musculotendinous junc- 
tion is retracted (arrows). A = acro- 
mion, C = distal clavicle, SAb = sub- 
acromial bursa, SSm = supraspinatus 
muscle. 


Fig. 7.—MR image (SE 500/28) of 
type Ill impingement syndrome (com- 
plete rotator cuff tear, chronic). Muscle 
is retracted. Atrophy is characterized 
by bright bands of signal within muscle 
and by its diminished bulk. Signal void 
at expected site of supraspinatus ten- 
don was found at surgery to represent 
fluid and a severely degenerated ten- 
don. A = acromion, C = distal clavicle, 
SSm = supraspinatus muscle. 


Subacromial bursography has been advocated for the early 
detection of impingement syndrome, and it may reveal me- 
chanical impingement or difficulty in filling the bursa due to 
soft-tissue edema and thickening [14, 15]. False-positive re- 
sults may arise from failure to locate and opacify the bursa, 
and false-negative results may occur when the arm is not put 
through an appropriate range of motion. In addition, bursog- 
raphy is invasive and requires manipulation of an already 
painful joint. 

No conclusions can be drawn concerning false-negative 
MR studies in our series. Patients with normal MR scans 
were not included in the data analysis, and sufficient follow- 
up was not available in most of these patients. 

In our series, MR failed to delineate three partial tears of 
the rotator cuff. This may have been due to one or all of the 
following factors: (1) these three scans were performed early 
in our experience, before T2-weighted imaging was routinely 
employed; (2) partial-volume averaging may have masked the 
small tears; and (3) a low-field-strength system was used for 
this study. However, failure to detect partial tears such as 
these has little impact on management, since these patients 
are usually managed initially without surgery. Moreover, dur- 
ing the treatment of advanced disease, small or partial tears 
can be identified and repaired at the time of acromioplasty or 
coracoacromial ligament release. Kneeland et al. [16] identi- 
fied two partial tears in a recent series evaluating the use of 
MR imaging in the diagnosis of rotator cuff tears. 

MR depicted the extent of muscle retraction in patients 
with complete rupture of the supraspinatus tendon. Muscular 
atrophy, also readily apparent, was characterized by bands 
of bright signal within the muscle belly, indicative of fatty 
replacement (Fig. 7). Both findings are significant in terms of 
surgical planning and prognosis. 

The thick band of bright signal representing the thickened 
subacromial bursa did not manifest a central region of lower 
signal intensity on T1-weighted images. In fact, its appearance 
was homogeneous and similar to that of subcutaneous fat on 
both T1- and T2-weighted images. Our hypothesis is that the 
thickening was due to an increase in fibrofatty tissue caused 
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by hypertrophied synovium, a structure that may contain 
abundant adipose tissue and/or edematous areolar tissue 
[17]. Little or no research has been published on the histology 
of the subacromial bursa in patients with impingement syn- 
drome, but an abnormal abundance of fibrofatty tissue is 
found in the subacromial space of these patients at surgery. 
With time, this tissue becomes less evident, much like the 
degeneration of the supraspinatus tendon seen with chronic 
rotator cuff tears as the humeral head migrates superiorly. 
Unfortunately, chemical-shift imaging was not available for 
confirmation. 

MR images of several of our patients who had normal 
radiographs showed depression of the thickened subacromial 
bursa and/or the supraspinatus tendon by the anterior part 
of the acromion, which often appeared quite large. In all of 
these patients, the inferior margin of the anterior part of the 
acromion lay inferior to the undersurface of the distal clavicle, 
a finding that was not evident on routine anteroposterior 
radiographs. This substantiates Neer’s theory that certain 
individuals have a predisposition to impingement syndrome 
by virtue of variations in the size or position of the anterior 
part of the acromion [5]. 

Although the linear signal void characterizing the coracoa- 
cromial ligament is uncommonly identified on MR scans of 
normal shoulders, we hypothesize that this structure is made 
apparent in patients with impingement syndrome by virtue of 
the surrounding proliferative bursitis. 

No attempt was made to evaluate the ability of MR to 
detect tendinous calcifications. Calcific deposits are often 
small and lie within inflamed tissue, which already has an 
abnormal and often inhomogeneous signal intensity. 

Striking, mottled foci of low signal intensity were often seen 
within the marrow of the greater tuberosity of the humerus in 
shoulders without a rotator cuff tear and with normal radio- 
graphs. These were generally seen most clearly on axial 
images and may indicate significant repetitive trauma to the 
rotator cuff. 

Neer’s classification [5] of impingement lesions has not only 
served to define the extent of impingement syndrome, but it 
has also greatly assisted in planning its therapy. There is no 
proof, however, that the anatomic abnormalities described by 
Neer do represent a sequential progression. Further studies 
‘with MR may assist in determining if this is the case, or if 
Neer’s stages of impingement simply represent different, 
possibly associated abnormalities. 

Although the clinical staging system for impingement syn- 
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drome has frequently proved useful for managing patients 
with this disorder, in the absence of a demonstrable lesion 
many orthopedic surgeons persist in conservative manage- 
ment to the detriment of cuff integrity. There is increasing 
evidence that timely acromioplasty will retard the progress of 
rotator cuff deterioration [18]. In some of our patients the 
detailed soft-tissue anatomy depicted by MR permitted early 
detection of impingement lesions. It is hoped that the earlier 
diagnosis of impingement syndrome with MR will facilitate 
more timely and appropriate treatment, long before the dis- 
order has progressed to its ultimate debilitating and irrevers- 
ible outcome. 
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Radiologic Management of Pelvic Ring Fractures. Systemic Radiographic Diagnosis. By Jeremy W. R. Young 
and Andrew R. Burgess. Baltimore, MD: Urban & Schwarzenberg, 94 pp., 1987. $39.50 


Fractures with or without dislocation of the bony pelvis are a 
common injury encountered in the patient who has suffered multiple 
trauma. Pelvic injury is often a major contributor to the fatal outcome 
of many of these patients, particularly death due to vascular and 
other soft-tissue injuries. The proper treatment of these patients 
depends on prompt recognition of fracture patterns and early stabili- 
zation of the bone fragments to reduce blood loss and to increase 
the patient's chance of survival. In 1986 the authors published two 
papers on the radiographic assessment of pelvic fractures (Skeletal 
Radiology 15:101-109 and Radiology 160:445-451). This book is an 
outgrowth of the authors’ early work on the assessment of pelvic 
injuries and presents their results in an expanded form that would 
not be possible in the periodic literature. 

The book is well organized into nine chapters. The first is a 
discussion of the goal of the book, which is “to define the whole 
pelvic ring and to identify specific facture patterns ...so that the 
orthopedic surgeon can select the appropriate fixation device 
and . . . apply the appropriate corrective counterforces.” This chapter 
also contains information about the pool of patients on whom the 
investigations were based and covers radiographic technique. The 
second chapter deals with the anatomy and stability of the pelvis. 
Chapter 3 is an overview of injury force patterns. Chapters 4 through 


7 deal with specific fracture patterns that result from lateral compres- 
sive forces, anteroposterior forces, vertical shearing and complex 
mechanisms, and fractures of the pubic rami, respectively. Chapter 
8 contains discussions and illustrations of the complications. Chapter 
9 provides an integrated summary of the information by means of a 
table that compares specific injuries due to each particular mechanism 
and their findings. 

Although the authors may not have intended it, this is essentially 
an atlas on pelvic injury. The text is kept to a minimum and occupies 
less than 20% of the book. The bulk of the book consists of 
radiographs of the various injuries. CT images are kept to a minimum 
and are used only to support the plain-film radiographic findings. All 
the illustrations are of superb quality. 

In summary, this brief, well-illustrated monograph deals with an 
important subject in a logical, easy-to-follow format. The illustrations 
are superb, and | find nothing to detract from the book. | recommend 
it to all radiologists, emergency physicians, and orthopedic surgeons 
who must deal with pelvic trauma. 


Richard H. Daffner 
Allegheny General Hospital 
Pittsburgh, PA 15212 
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MR Imaging of Hemophilic Pseudotumors 


Don A. Wilson’ and John R. Prince 


Pseudotumors are a rare complication of hemophilia occur- 
ring in 1-2% of individuals with severe factor VIII or IX 
deficiency. Masses develop most commonly in the pelvis, 
thigh, or calf and consist of a slowly expanding, encapsulated 
coagulum of chronic and acute hemorrhage [1, 2]. The bulk 
and location of the masses frequently impair mobility. The 
skin overlying these masses can become necrotic, leading to 
infection, or the masses can rupture, causing rapid exsangui- 
nation [3]. If these pseudotumors are diagnosed early when 
they are small, they frequently can be managed medically. If, 
however, they become progressively larger, surgical excision 
may become the only alternative [3]. Noninvasive imaging of 
these lesions by CT and sonography has proved useful in 
diagnosis and in planning treatment [4-6]. MR imaging, be- 
cause of its ability to characterize blood clots and its multi- 
planar imaging capability, may be even better suited to these 
tasks. 


Case Report 


A 32-year-old man with severe hemophilia (factor VIII less than 
1%) had had repeated spontaneous intraarticular bleeding from nu- 
merous sites throughout his life. About 10 years earlier, he had noted 
a nontender mass in the medial aspect of his left thigh. This mass 
had been expanding slowly over the past 6 months. Physical exami- 
nation revealed a large, firm mass in the left medial thigh. 

A radiograph of the left thigh showed a soft-tissue mass containing 
small flecks of calcium medial to the proximal shaft of the left femur. 
There was a mild erosion of the cortex of the proximal femur with 
associated periostial reaction. MR images through both lower extrem- 
ities showed at least four sharply circumscribed masses in the 
adductor muscle group of the left thigh with several smaller adjacent 
cysts (Fig. 1). Two masses were also seen in the medial aspect of 
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the right upper thigh. All of the masses had a sharply defined rim of 
very low signal intensity (approaching that of cortical bone) on both 
T1- and T2-weighted images. On T1-weighted sequences, all of the 
masses were high in signal intensity but slightly less so than subcu- 
taneous fat (Fig. 1A). On the T2-weighted sequences, the proximal 
mass in the left thigh and both masses in the right thigh were low in 
signal intensity; the signal intensity of these masses was similar to 
that of the adjacent muscle and tendons (Fig. 1B). The two lower 
masses in the left thigh showed a signal intensity on the T2-weighted 
sequences that was greater than that of the adjacent muscle but less 
than that of subcutaneous fat (Fig. 1B). Within the two upper left- 
sided masses and the lower right-sided mass, the very high signal 
intensity of multiple irregular circular areas exceeded the signal inten- 
sity of subcutaneous fat on T1- and T2-weighted images (Fig. 1). 
These masses also contained some very low-signal-intensity material 
with intensities similar to that of cortical bone. The most cephalad 
mass on the left extended up to the inguinal ligament but did not 
extend into the pelvis. The superficial femoral vessels could be 
identified as linear areas of no signal (flow voids) lateral to the masses 
in the thigh. 

The multiple masses in the left thigh were excised surgically, and 
gross pathologic examination revealed thick-walled cysts filled with 
old clot and serosanguinous fluid. The walls of the cysts were 
extremely rigid and firm and were 3-12 mm thick. Microscopic study 
revealed multiple organizing hematomas (surrounded by a dense, 
hyalinized, fibrous-tissue capsule) consistent with both recent and 
old hemorrhage. The pseudotumors seen in the right thigh were 
treated medically with regular doses of factor VIII and were followed 
with MR for change in size. 


Discussion 


The characteristic MR appearance of acute, subacute, and 
chronic extracranial hematomas has been reported for various 
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Fig. 1.—A, T1-weighted coronal MR image (TR 250 msec, TE 30 msec) of both thighs shows two pseudotumors on right (A, B) and four pseudotumors 
on left (C-F). 

B, T2-weighted coronal MR image (TR 2100 msec, TE 100 msec) of both thighs shows a marked reduction in signal intensity of two right (A, B) and 
upper left (C) pseudotumors, indicating preferential T2 shortening. Many different combinations of signal intensities within these pseudotumors reflect 
complex processes of acute and chronic hemorrhage and clot organization that occurs in patients with bleeding disorders. 


field strengths [7, 8]. From these studies, it can be predicted 
that the hypointense rim of these pseudotumors consists of 
low-signal-intensity fibrous tissue; this was confirmed on 
microscopic section. When hemosiderin is contained within 
macrophages in the cyst-wall lining, it is known to have a 
preferential T2-shortening effect and undoubtedly contributes 
to the low signal intensity of this structure [8]. All of the 
pseudotumors contained fluid that was high in signal intensity 
on T1-weighted images. Fluid with a high signal intensity on 
T1-weighted images should typically contain intracellular or 
extracellular methemoglobin. The very low signal intensity of 
the fluid noted in several of these cysts on T2-weighted 
images may illustrate the preferential T2 shortening of deox- 
yhemoglobin and/or the paramagnetic effects of hemosiderin 
[8]. The small circular areas of high signal intensity on all 
pulse sequences in the cysts in the upper left thigh and the 
lower right thigh should represent free methemoglobin within 
a subacute blood clot. The small areas of low signal intensity 
on T1-weighted images and high signal intensity on T2- 
weighted images within the central portion of several of the 
cysts are most likely produced by serous fluid accumulations 
within these blood clots. The many different combinations of 
signal intensities within these pseudotumors reflect the proc- 
ess of remote and recurrent bleeding and clot organization 
known to occur in patients with bleeding disorders. 

The clear definition that MR provided of the number, size, 


location, and extent of these pseudotumors and their relation- 
ship to adjacent vascular structures and bone was helpful to 
the surgeons who performed the difficult surgical resection. 
The detection by MR of two previously unknown pseudotu- 
mors in the right thigh suggests that this imaging technique 
may be helpful in screening high-risk patients for the early 
detection of this condition. 
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MR Imaging of Maffucci Syndrome 


Evan C. Unger,’ Howard B. Kessler,’ Michael J. Kowalyshyn,’? Richard D. Lackman,°® and G. Tom Morea’ 


Maffucci syndrome consists of a combination of enchon- 
dromas and hemangiomas [1]. The most common serious 
complication of Maffucci syndrome is malignant degeneration 
of enchondroma to chondrosarcoma, which has been re- 
ported in as high as 51% of patients with Maffucci syndrome 
[2]. In this report, we describe the MR findings in a patient 
with Maffucci syndrome who presented with chondrosar- 
coma. 


Case Report 


A 41-year-old woman with a history of Maffucci syndrome pre- 
sented with a several-month history of a painful enlarging mass on 
the posterior left ankle. On physical examination, a mass could be 
palpated on the posterior aspect of the distal tibia. The most severe 
cutaneous manifestation was the right hand, which was hypertro- 
phied and deformed with multiple cutaneous bluish masses. 

Bone scan showed increased uptake in the right posterior tibia. 
Radiographic examination revealed an expansile, destructive soft- 
tissue mass arising from the distal posterior tibia (Fig. 1A). Radio- 
graphs of the right hand (Fig. 1A) showed multiple soft-tissue masses 
with central calcifications and enchondromas. 

CT examination of the lower extremities showed expansile lytic 
lesions arising from the posterior aspect of the distal tibia and the 
anterior tibia. MR imaging was conducted on a 1.5-T Siemens Mag- 
netom. Spin-echo images were obtained of the lower legs with T1- 
weighted images (repetition time [TR] = 450 msec; echo time [TE] = 
16 msec) in the coronal and sagittal planes and T2-weighted images 
(TR = 2500 msec, TE = 28 and 70 msec) in the transaxial plane. The 
T1-weighted images of the legs showed multiple areas of low signal 
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intensity replacing the normal high-signal-intensity fatty marrow (Fig. 
1B), findings which corresponded to the radiographically evident 
enchondromas. On the T1-weighted image, the mass projecting from 
the posterior surface of the distal left tibia also had low signal intensity, 
similar to the signal intensity of the presumed enchondromas. On the 
T2-weighted images (Fig. 1C), the mass had higher signal intensity 
than the well-defined enchondromas did. In the anterior tibia a smaller, 
high-signal-intensity, expansile lesion was seen. This anterior lesion 
was discontinuous with the posterior lesion but had identical signal- 
intensity characteristics. 

MR images of the patient’s hand (Fig. 1D) were obtained by using 
an 18-cm Helmholtz-type surface coil; coronal spin-echo images were 
obtained with the same parameters as previously described. T2- 
weighted images showed that the enchondromas in the bones of the 
patient's right hand had lower signal intensity than did the large mass 
arising from the posterior left tibia. T2 relaxation values were deter- 
mined from T2 calculated images. The T2 of bone marrow in the 
phalanges and tibia, which was noninvolved by enchondroma, meas- 
ured approximately 40-45 msec. T2 of enchondroma in the phalanges 
and higher up in the tibia measured 60-65 msec. T2 of the large 
mass in the posterior tibia and of the anterior tibial lesion measured 
approximately 103 msec and 115 msec, respectively. 

On MR images, two lesions that were observed in the distal tibia 
appeared discontinuous. Because of this, the surgeon decided to 
resect the posterior mass and to biopsy the anterior lesion in an 
attempt to save the limb. On gross examination, the mass had a 
lobular, shiny, blue cartilaginous appearance with focal cystic change. 
On histologic examination, both the posterior and anterior tibial 
masses had an identical appearance. There were focal areas of 
mature-appearing cartilage that had increased cellularity with >1 
nucleus/1 lacunar space and occasional atypical mitoses. Mitotic 
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Fig. 1.—40-year-old woman, with Maffucci syndrome and history of cutaneous vascular lesions and hypertrophy of right hand, presented with painful 
enlarging mass arising from her left ankle. 

A, Left side: lateral radiograph of left ankle shows mass (curved solid arrow) arising from posterior left tibia. There are also a lucent lesion within 
anterior tibia (curved open arrow) and stippled calcification (arrowheads) within distal tibial diaphysis. Right side: radiograph of right hand shows multiple 
soft-tissue masses with central calcifications. Enchondromas (straight arrows) are seen within bones of hand. 

B, Left side: T1-weighted (TR 450 msec/TE 16 msec) coronal MR image shows multiple areas of low signal intensity in fatty marrow of left tibia, 
corresponding to enchondromas (arrowheads). Right side: T1-weighted image at a more posterior plane shows soft-tissue mass (arrow) arising from 
posteromedial left tibial metaphysis with signal intensity equal to that of enchondromas. 

C, T2-weighted (TR 2500 msec/TE 28 and 70 msec) transaxial images of left tibial metaphysis. Left side: image shows high-signal-intensity 
chondrosarcoma (curved arrow) arising from posterior tibia. Anterior high-signal-intensity lesion was biopsied and also proved to be chondrosarcoma. 
Right side: image shows presumably benign enchondroma (straight arrow) at a more cephalic scan plane in distal tibia. Enchondroma has lower signal 
intensity and shorter T2 than chondrosarcoma. A = Achilles tendon, F = fibula. 

D, MR images of right hand. Left side: T1-weighted (TR 450 msec/TE 16 msec) image shows multiple soft-tissue masses representing cavernous 
hemangiomas (short arrow) that have signal intensity nearly equal to that of muscle. Right side: on T2-weighted (TR 2500 msec/TE 28 and 70 msec) 
image central punctate areas of decreased signal intensity can be seen within cavernous hemangiomas (short arrow) corresponding to phleboliths shown 
on radiographs. Enchondroma (long arrows) is nearly isointense to muscle on T1-weighted image and only slightly brighter than marrow on T2-weighted 


image. 


count of the most cellular areas revealed 10 mitoses/50 high-power 
fields. These pathologic findings were most consistent with low-grade 
chondrosarcoma. Because the histologic characteristics of the benign 
and malignant chondrous lesions were similar, the surgeon decided 
that the anterior tibial lesion should be followed clinically and that 
additional surgery should depend on whether the anterior tibial lesion 
progressed. 


Discussion 


One-quarter of patients with enchondromatosis and most 
patients with Maffucci syndrome may eventually develop 
chondrosarcoma [2]. Distinction between chondrosarcoma 
and benign enchondroma may be difficult radiographically 
[3]. Furthermore, there is overlap between the histologic 
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characteristics of benign enchondromas and those of low- 
grade chondrosarcoma [4]. In this patient, the T2 of the 
chondrosarcoma was longer than the T2 of the benign en- 
chondromas. If T2 values can distinguish between chondro- 
sarcoma and benign enchondroma, these values can be used 
to plan treatment for patients with enchondromatosis. Prolon- 
gation of T2 generally reflects elevated water content or 
increased bulk water [5]. Technical problems in measurement 
of relaxation values may limit the accuracy of T2 measure- 
ments [5]. The measurement of T2, in this case, was derived 
from only a 2-point data fit by using echo times of 28 and 70 
msec; a 3-point data fit would probably be more accurate 
[5]. Nonetheless, the elevation of T2 in chondrosarcoma of 
this patient remains an interesting finding that could be useful 
to help differentiate benign and malignant cartilaginous tissue. 
In this patient an expansile, painful mass strongly suggested 
chondrosarcoma. The MR examination was not done for 
tissue characterization but for anatomic information. The soft- 
tissue contrast of MR imaging was particularly useful in 
showing the extent of the lesion and helping make plans for 
surgery. 

Examination of the hand showed the soft-tissue contrast 
of MR imaging and also allowed comparison of the enchon- 
droma within the phalanges with those in the tibia. We have 
used MR imaging to examine the hand and forearm of another 
patient with Maffucci syndrome and found signal-intensity 
characteristics that are similar to those of the soft-tissue 
hemangiomas. Low signal was seen on the T1-weighted 
image that was nearly equal to that of muscle, and high signal 
was seen on the T2-weighted image similar to that previously 
described in MR imaging of cavernous hemangioma [6]. The 
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high signal in hemangiomas is probably due to slowly flowing 
blood and the high proton density of blood [7]. The central 
low-signal structures corresponded to the radiographically 
evident phleboliths; the low signal most likely reflects the low 
proton density and short T2 of phleboliths. 

The multiplanar capabilities and soft-tissue contrast of MR 
imaging are useful for evaluation of musculoskeletal tumors. 
This case illustrates the utility of MR imaging in the evaluation 
of Maffucci syndrome. The findings of prolongation of T2 in 
chondrosarcoma relative to enchondroma suggests that pro- 
longation of T2 may help to distinguish chondrosarcoma from 
enchondroma. 
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Book 
Review 





The Running Athlete. Roentgenograms and Remedies. By Helene Paviov and Joseph S. Torg. Chicago: Year 
Book Medical, 315 pp., 1987. $55 


This tall, extensively illustrated atlas is devoted to the imaging 
diagnosis of signs and symptoms encountered by professional and 
amateur runners. Radiographs, arthrograms, nuclear scans, and, 
occasionally, CT scans or tomograms are presented for each consid- 
ered entity and are discussed briefly and effectively. These are 
followed by a short summary of the recommended remedy. 

For some less well-known entities, such as subungual exostosis, 
the discussion is too brief for elucidation for the novice. Other topics 
are illustrated and discussed effectively, including sesamoid injury, 
Haglund disease, and osteoid osteoma at several sites. The tech- 
niques discussed are well integrated, but relevant sonography and 
MR imaging are missing. 

The book contains many typographical errors, and many “faint 


lucent lines” are not seen. Otherwise the reproductions are well 
chosen and printed. 

For the topics covered, from toe to spine, this is a valuable book 
that is pertinent for all radiologists who deal with adults and children 
who run. Nonetheless, it is incomplete and does not achieve its stated 
goal; relevant “positional” abnormalities, such as cavus or planus 
foot, varus or valgus relationships, and even slipped capital femoral 
epiphysis, are not included. 


Alan E. Oestreich 
Children's Hospital Medical Center 
Cincinnati, OH 45229-2899 


355 


Case Report 





Polychondritis Affecting the Laryngeal Cartilages: CT 


Findings 


J. W. Casselman,’ S. F. Lemahieu,' P. Peene,' and G. Stoffels’? 


Relapsing polychondritis is an inflammatory disease of un- 
known cause, affecting the ear, nose, respiratory tract, and 
joint cartilages. An immune reaction against cartilage antigens 
resulting in cell damage and consequent cartilage destruction 
is the most widely accepted hypothesis for the cause. The 
diagnosis is based on both clinical and pathologic findings. 
Involvement of the upper respiratory tract causes dyspnea, 
hoarseness, aphonia and airway obstruction due to edema, 
and collapse of the tracheal and cricoid rings. Only a few 
cases of relapsing polychondritis studied by CT have been 
reported [1-2]. We describe a patient who had involvement 
of the arytenoid as well as the other laryngeal cartilages. 


Case Report 


A 41-year-old man had a 10-year history of relapsing polychondri- 
tis. He initially presented with bilateral auricular chondritis, episcleritis, 
sternocostal joint arthritis, and an upper respiratory tract infection. 
His major complaints at that time were hoarseness, dysphagia, fits 
of coughing, hearing loss, and tenderness over the thyroid cartilage 
and anterior trachea. 

On admission, the patient complained of vertigo, sudden deafness, 
hoarseness, and dysphagia. Physical examination showed a saddle- 
nose deformity and deformity of the ear cartilages. Laryngoscopy 
showed curling and inflammation of the epiglottis, which made good 
visualization of the glottis difficult. CT showed irregular enlargement 
of both arytenoid cartilages (Fig. 1A) and to a lesser degree enlarge- 
ment of the thyroid and cricoid cartilages (Figs. 1A and 1B). The 
tracheal rings appeared thickened and calcified (Fig. 1C). Calcifica- 
tions in the pinnae were also shown. 


Discussion 


The clinical findings of relapsing polychondritis include au- 
ricular chondritis, arthropathy, nasal chondritis, ocular inflam- 
mation, laryngeal-tracheal tract chondritis, and audiovestibu- 
lar damage. Cardiovascular and skin involvement are less 
frequent. Loss of basophilic staining of the cartilage and 
replacement of destroyed cartilage by fibrous tissue are evi- 
dent on light microscopy. 

CT is a good substitute for laryngotracheograms and con- 
ventional tomograms because (1) the cartilage and soft-tissue 
components are better seen and (2) the instillation of contrast 
material into the trachea can be avoided. 

CT can often be used to confirm the diagnosis by showing 
(1) involvement of multiple laryngeal cartilages and (2) edema 
and fibrosis of the soft tissues around these cartilages. More- 
over, CT can also show involvement of the cartilages of the 
ear and nose, two other sites of relapsing polychondritis. The 
laryngeal changes shown by CT often provide an explanation 
for symptoms as dysphagia, hoarseness, dyspnea, and res- 
piratory distress. CT findings in chondritis of the cricoid car- 
tilage and epiglottis have been reported before [3, 4]. 

In this patient, CT showed not only involvement of the 
cricoid and thyroid cartilages, but also of the arytenoid carti- 
lage. The laryngeal and tracheal cartilages were expanded 
and calcified rather than destroyed. This can be explained by 
cartilage hypertrophy, new bone formation in the cartilage, 
and even formation of nascent cartilage due to a vigorous 
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Fig. 1.—A, CT scan at level of vocal cords shows both arytenoid cartilages being enlarged and irregular. Right arytenoid cartilage obliterates space 
between thyroid and arytenoid cartilages and makes contact with thyroid cartilage (arrowheads). Arytenoid cartilages nearly touch in midline. Left 
arytenoid cartilage compresses on hypopharynx (black arrows). Anterior portion of thyroid cartilage is also thickened (open arrow), and vocal cords are 


swollen. 


B, CT scan shows circumferential thickening of cricoid cartilage and edema of mucosa (arrowheads). 
C, CT scan at level of first tracheal ring shows thickening of tracheal ring, especially anterior part (black arrows). There is no significant narrowing of 


airway lumen at this level. 


reparative response after the dissolution of cartilage [2, 5, 
6]. Steroid treatment can also be followed by calcification and 
ossification of the laryngeal and tracheal cartilages [6]. Ab- 
normal cartilage calcification (perhaps due to chronic inflam- 
mation) can occur. Relapsing polychondritis more often in- 
volves the trachea than the laryngeal cartilages. Destruction 
of these tracheal rings or narrowing of the tracheal lumen 
caused by fibrosis or inflammatory edema may cause respi- 
ratory distress [7, 8]. 

The differential diagnosis in patients with airway narrowing, 
soft-tissue involvement, and even airway collapse includes 
Wegener granulomatosis, amyloidosis, other granulomatous 
disease (sarcoid), and polychondritis. Tracheomalacia due to 
intubation, tracheobronchopatia osteochondroplastica, tra- 
cheal tumors, and saber-sheath trachea also cause narrowing 
of the airway but can often be differentiated from polychon- 
dritis by use of CT. The differential diagnosis of chondritis of 
multiple laryngeal and tracheal cartilages is limited to relapsing 
polychondritis and infectious perichondritis. 


REFERENCES 


. Mendelson DS, Som PM, Crane R, Cohen BA, Spiera H. Relapsing 


polychondritis studied by computed tomography. Radiology 1985: 
157:489-490 


. Scully RE, Mark EJ, McNeely BU. Case records of the Massachusetts 


General Hospital, weekly clinicopathological exercises, case 50-1985. N 
Engl J Med 1985;24: 1530-1537 


. McAdam LP, O'Hanalan MA, Bluestone R, Pearson CM. Relapsing poly- 


chondritis: prospective study of 23 patients and a review of the literature. 
Medicine 1976;55: 193-215 


. Damiani JM, Levine HL. Relapsing polychondritis—report of ten cases. 


Laryngoscope 1979;89:929-944 


. Dolan DL, Lemmon GB, Treitelbaum SL. Relapsing polychondritis: analyt- 


ical literature review and studies on pathogenesis. Am J Med 1966:41: 
285-299 


. Johnson TE, Mital N, Rodnan GP, Wilson RJ. Relapsing polychondritis. 


Radiology 1973;106:313-315 


. Adler D, Broker HJ, Simmling-Annefeld M. Rezidivierende Polychonaritis. 


Eine Fallbeschreibung unter besonderer Berücksichtigung der Manifesta- 
tionen im HNO-Bereich. Laryngol Rhinol Otol (Stuttg) 1981:60: 187-191 


. Kilman WJ. Narrowing of the airway in relapsing polychondritis. Radiology 


1978;126:373-376 


357 





Memorial 





Edward B. D. Neuhauser, 1908-1987 


Edward Blaine Duncan Neuhauser died peacefully in his 
sleep on September 27, 1987, in his 80th year. After obtaining 
an M.D. degree from the University of Pennsylvania, he in- 
terned at the Pennsylvania Hospital, intending to become an 
orthopedic surgeon. During residency, however, disenchant- 
ment with orthopedic routines set in; the crowning blow was 
a family of five children, all needing to have their slightly flat 
feet checked. Seeking more stimulation, he began training in 
radiology. In 1941, without completing his residency, Dr. 
Neuhauser became director of radiology at Children’s Hospital 
in Boston. Some of his seniors advised him not to take the 
position: radiology of children at that time consisted of little 
more than rickets and pneumonia, and a man of his promise 
would soon exhaust any ephemeral interest the field might 
offer. He therefore accepted the position on a 6-month trial 
basis but, in fact, was Radiologist-in-Chief at that hospital 
until his retirement 33 years later. 

And thus began the phenomenal period of great excitement 
during which Dr. Neuhauser, in company with Dr. John Caffey 
at Babies Hospital in New York and a growing band of their 
associates, established pediatric radiology as a scientific dis- 
cipline. Some of the subjects clarified by his scientific papers 
were cystic fibrosis in its many presentations, meconium 
peritonitis, vascular rings, the radiographic manifestations of 
leukemia, diaphyseal dysplasia, the etiology of Hirschsprung 
disease, alimentary duplications, diastematomyelia, Wilms tu- 
mors, tricuspid atresia, effects of radiation therapy on bone, 
atrial septal defect, idiopathic hypercalcemia, hypophospha- 
tasia, neurenteric cysts, total anomalous pulmonary venous 
drainage, renal tubular ectasia, pulmonary hypertension, the 
phenomenon of total-body opacification, pulmonary dysma- 
turity in small prematures, the effects of muscle stress on 
vertebral growth, Wolman cholesterolosis of the adrenals, 
injuries to the osseous growth plate, aspiration pneumonitis 
in childhood, arachnoid cysts in Hurler disease, and the bony 
manifestations of copper deficiency. His flair for teaching was 
promptly recognized by medical students, residents, and 
practicing radiologists, who came from all over the world to 
spend time in his department. 





About 30 years ago, it became evident to Drs. Neuhauser 
and Caffey and their colleagues in pediatric radiology that this 
growing body of common interests and knowledge would be 
furthered by formal organization. In 1958, the first meeting of 
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the Society for Pediatric Radiology was held; Dr. Neuhauser 
was the Society's first president. Since 1971, its meetings 
have been graced by the Neuhauser Lecture. In 1964, he 
became a founding member of the European Society for 
Pediatric Radiology. 

Dr. Neuhauser was President of the American Roentgen 
Ray Society in 1959. In his 1952 Caldwell Lecture to that 
society, entitled “Growth, Differentiation and Disease,” he set 
forth the applications of pediatric radiology to those phenom- 
ena. The Mead Johnson Award of the American Academy of 
Pediatrics was given jointly to him and to Dr. Orvar Swenson 
for their elucidation of the pathogenesis of Hirschsprung 
disease. For work in the diagnosis and treatment of Wilms 
tumor, he shared the Jurzykowski Award in Medical Science 
with Dr. Sidney Farber and Dr. Robert Gross. He himself lost 
track of his many other prizes, lectureships, and visiting 
professorships. 

Dr. Neuhauser’s major avocation was the Grenfell Mission, 
begun by Sir Wilfred Grenfell in the 19th century to provide 
medical care to the people of Labrador and northern New- 
foundland. Dr. Neuhauser visited Newfoundland and Labrador 
frequently, at first giving medical care himself to the scattered 
inhabitants of that ice-battered coast, later assisting with 
advice and direction. Because of his knowledge of Arctic 
medicine, he was sent by the Hudson’s Bay Company to 
inspect its various outposts in 1951. He spent the summer of 
1965 as consultant to the government of Denmark, visiting 
the medical facilities in Greenland and comparing the systems 
there with those of northern Canada. 

To his colleagues, Dr. Neuhauser’s most striking attribute 
was his sparkling brilliance. He was one of the great intuitive 
diagnosticians. He seemed to have his own systems of per- 
ception, unique senses and synapses not possessed by 
ordinary mortals. He was perfectly prepared to be unortho- 
dox. Sometimes solutions to clinical problems occurred to 
him in the middle of the night or on awakening, as if his 
internal computer were busy while the rest of him slept. 
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Another essential characteristic was his ability to run a happy 
department. His willingness to delegate responsibility, his 
generous praise, and his genuine interest in his associates’ 
nonmedical activities made being part of his department a 
joy. He always encouraged his associates to excel in their 
Own ways, not in some fashion decreed from above. Creden- 
tials interested him very little; a person's ability and perform- 
ance, not the weight of his curriculum vitae, earned his 
respect. A third central trait was his joy in life and in his work. 
He carried his responsibilities lightly, and this led to a good 
feeling that was contagious. His boyish enthusiasms caused 
a fellow department head to call him the world’s oldest living 
child. He embodied the maxim that what one enjoys, one 
does well. If the radiologic problems of the day began to pall, 
he discussed gourmet cooking with his residents and stu- 
dents—or Arctic exploration or concepts of tumor growth— 
until all were refreshed and the work at hand regained its 
charm. 

Dr. Neuhauser retired in 1974, becoming Senior Consultant 
in Radiology at Children’s Hospital and Emeritus Professor of 
Radiology at Harvard. His summers thereafter were spent in 
Blue Hill, Maine; his winters were spent in Boston, consulting 
on obscure radiologic problems, teaching and participating in 
courses at the Harvard Institute for Learning in Retirement, 
and pursuing the interests of a lifetime. However, he was 
unable to alter the central theme of his career, most aptly 
Stated on his gold medal from the Children’s Hospital of 
Philadelphia: “Quippe qui numquam immemor esset puero- 
rum”: “he who indeed was never unmindful of children.” 

Dr. Neuhauser is survived by his widow, the former Gernda 
von Briesen, two sons, and four grandchildren. He will be 
remembered by innumerable friends and colleagues as a 
remarkable physician and a unique human being. 


N. Thorne Griscom 
Boston, MA 02115 
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Scoliosis Examinations: Organ Dose 
and Image Quality with Rare-Earth Screen- 
Film Systems 





We determined the dose to the breast and evaluated the image quality when various 
high-speed, rare-earth screen-film systems were used in conjunction with breast dose 
reduction methods in children undergoing scoliosis examinations. In addition, normal- 
ized organ dose to the breast, active bone marrow, thyroid, eyes, ovaries, and testes 
were measured in a pediatric anthropomorphic phantom comparing the anteroposterior 
and posteroanterior projections. The average measured dose to the breast was 6.9 and 
4.0 mrad (107° Gy), respectively, for nominal 400- and 600-speed, rare-earth screen-film 
systems used in combination with breast dose reduction methods. The image quality of 
these systems as evaluated by three radiologists was rated as adequate. The dosimetry 
results with an anthropomorphic phantom showed that the posteroanterior projection 
provides approximately a threefold reduction in breast dose as compared with the 
anteroposterior view. However, the dose to the bone marrow is doubled. 

Rare-earth screen-film systems used in combination with simple dose-reduction 
methods can provide adequate image quality for scoliosis examination while significantly 
reducing the radiation dose to the breast. 


The risk of developing radiation-induced leukemia and breast cancer may be 
greater in the child [1-2]. Therefore, minimization of radiation exposure to the 
breast and bone marrow in the treatment and follow-up of scoliosis is of particular 
concern in pediatric radiology. The increased risk of radiation-induced breast cancer 
in adolescent girls in addition to the potential for repeated examinations calls 
attention to the importance of keeping the dose to the breast, as well as to other 
radiosensitive organs (i.e., bone marrow and thyroid), as low as possible. 

Various methods have been used to reduce breast exposure during scoliosis 
radiography, including high-speed, rare-earth screen-film systems [3-5], breast 
shields [5-6], posteroanterior instead of anteroposterior projections [4-9], leaded 
acrylic compensation filters (i.e., “wedge filters”) [10-11], and higher kilovoltage 
[7]. 

We compared the breast dose for three high-speed, rare-earth screen-film 
systems in children undergoing scoliosis examinations. The doses were measured 
for examinations simultaneously employing the following breast dose reduction 
methods: high-kilovoltage technique; compensating wedge filter; high-speed, rare- 
earth screen-film systems; and posteroanterior projection. In addition, the image 
quality of the film systems was evaluated on the basis of anatomic criteria. The 
organ dose to the breast, active bone marrow, eyes, ovaries, testes, and thyroid 
was also determined in a pediatric anthropomorphic phantom. 


Methods 
Clinical Dose Measurements 


Clinical dosimetry measurements were carried out by using small, heat-sealed plastic 
packages, each containing five CaF, thermoluminescent dosimeter chips (TLDs). A package 
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of TLDs was positioned on each patient at the xyphoid. All exposures 
were performed with a Philips Maximum M-100 generator and Philips 
Super Rotalix 33/100 X-ray tube (0.6-mm nominal focal spot, 3.0- 
mm Al half-value layer) under automatic exposure control. The pa- 
tients were positioned for a posteroanterior projection and the 
exposures were made at 90 kVp, 183-cm source-image distance 
(SID), with a 12:1 focused grid and a lead-acrylic compensatory 
wedge filter (Nuclear Associates, Carle Place, NY). Sixty-nine children 
(average age, 13 years; range, 6-17 years) undergoing scoliosis 
examinations participated in the dosimetry measurements. The TLD 
chips were read out on a thermoluminescent analyzer (Model 2000B 
Thermoluminescent Analyzer System, Harshaw Chemical Company, 
Solon, OH), and the TLD output was converted to dose in tissue. 


Evaluation of Image Quality 


A comparative evaluation of four rare-earth and one calcium tungs- 
tate screen-film systems based on the subjective evaluation of ana- 
tomic landmarks was carried out for the systems listed in Table 1. All 
exposures were made with the same Philips system and technique 
factors as those noted in the dose measurements section above. The 
automatic exposure control system was adjusted for each screen- 
film system to produce a net density of 1.20 + 0.05 for a 15-cm 
homogeneous lucite phantom. 

In 25 children (average age, 13 years), posteroanterior spine films 
were obtained for each screen-film system evaluated. The test sample 
of 75 radiographs was chosen from the entire group of films (15 films/ 
system). Radiographs showing gross disease or poor positioning 
were eliminated. To determine evaluation criteria, three radiologists 
were asked to delineate those anatomic landmarks present on typical 
posteroanterior pediatric scoliosis radiographs whose detection is 
related to the diagnosis of significant radiologic abnormalities; they 
were then asked to assign a weighted score to each major landmark. 
The weighting factor reflects the relative diagnostic importance placed 
on each anatomic landmark by the radiologists. A master list of 
important landmarks was developed from the individual lists with an 
average weighted score. The radiologists were then asked to subdi- 
vide the major landmarks and assign weighting scores to each. The 
major anatomic landmarks and associated maximal weighting scores 
defined by the radiologists were thoracic spine (40%), lumbar spine 
(40%), iliac crest (15%), ribs (5%), soft tissue (5%), and trabecular 
patterns (5%). The thoracic and lumbar spine regions were each 
subdivided with respect to visualization of the pedicles (20%) and 
vertebral bodies (20%). The radiologists were asked to review and 
evaluate each radiograph in terms of their subjective visualization of 
anatomic landmarks. The radiographs were presented in random 
order under constant viewing conditions. Evaluated parameter scores 
were used to obtain total percentage scores for each test radiograph, 
as evaluated by each radiologist. The scores were pooled, and the 
systems were ranked. 


Anthropomorphic Phantom Dose Measurements 


An anthropomorphic pediatric phantom (Humanoid System, 
Carson, CA) representing an average 6-year-old child (height, 


TABLE 1: Screen-Film Systems Evaluated 





Screen Film 


Dupont: Cronex 4 
Kodak: Ortho H 
Kodak: T-MAT G 
Kodak: T-MAT G 
Kodak: T-MAT H 





Dupont: Hi Plus 
Kodak: Lanex Regular 
Kodak: Lanex Regular 
Kodak: Lanex Fast 
Kodak: Lanex Fast 
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120 cm; weight, 20 kg) was used in conjunction with ther- 
moluminescent dosimetry to measure pediatric organ doses 
for anteroposterior and posteroanterior projections in sco- 
liosis examinations of the spine. The phantom consists of a 
human skeleton, lungs, and airway. The skeleton is impreg- 
nated with tissue-equivalent material (density, 1.002 g/cm’) 
and is encased in tissue-equivalent material molded to model 
an average 6-year-old patient. Lungs are molded of lung- 
equivalent material (density, 0.433 g/cm®). The molded phan- 
tom is sliced into 20 2.5-cm-thick transaxial sections, each of 
which contains a matrix of 5-mm holes with 1.5-cm orthogonal 
spacing. Tissue- and lung-equivalent plugs with internal cavi- 
ties to accommodate CaF, TLD chips are inserted into the 
grid holes at positions corresponding to organs of interest. 
The dose to the breast, active bone marrow, eyes, thyroid, 
ovaries, and testes was measured. The dose to bone marrow 
was determined from the sum of weighted sampled measure- 
ments of 20 bone marrow sites (Table 2). Weighting factors 
equal to the ratio of the bone marrow at a given site [12] to 
the total bone marrow of all the sites sampled were assigned 
to the sampled sites. The thermoluminescent response was 
converted to dose in tissue by using the calibration factor for 
each TLD batch and the f-factor; f = 0.92 rad/R (35.7 Gy per 


kg/C). 


Results 


Table 3 provides breast dose measurements for three rare- 
earth screen-film systems used under clinical conditions. Ta- 
ble 4 presents anthropomorphic phantom-normalized organ 
dose measurements for anteroposterior and posteroanterior 
projections in scoliosis examinations. These phantom meas- 
urements clearly demonstrate the advantage in dose reduc- 
tion to the breast and thyroid for the posteroanterior projec- 


TABLE 2: Active Bone Marrow Dose Weighting Factors’ 
meee e 








; Fraction of ea bd as 
Location Slice g: of Active Bone je 
points) Marrow” acto 
Cranium 2 (2) 0.159 0.176 
Mandible 6 (1) 0.016 0.018 
Scapulae 9 (1) 0.027 0.030 
Clavicles 8 (1) 0.009 0.010 
Sternum 11 (1) 0.017 0.019 
Ribs 11 (1) 0.086 0.098 
Cervical spine 6 (1) 0.022 0.024 
Thoracic spine 10, 11, 13, 13 (4) 0.089 0.099 
Lumbar spine 16 (2) 0.068 0.075 
Sacrum 18 (1) 0.055 0.061 
Pelvis 18, 19 (4) 0.131 0.145 
Femur, tibiae, fibulae, 
and patella 20 (2) 0.221 0.245 
Total 0.900 1.000 


a 

* Weighting factors are equal to the ratio of bone marrow at a given sample 
site to total bone marrow of all sites sampled. The dose to the active bone 
marrow is calculated as a weighted sum of the sampled sites. 

°? Based on a 5-year-old patient described by Christy [12]. 

© The following regions of the skeleton with their associated fraction of active 
bone marrow are not included in the normalized weighting factor: ankle and 
foot (0.025), humeri (0.046), ulnae and radii (0.02), wrist and hand bones 
(0.009). 
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TABLE 3: Patient Breast Dose from Scoliosis Examinations 





a 
Age of Patients in 'east dose 


-5 
System Years (Range) mrad (10 
Gy) 
Kodak—Lanex Regular/T-MAT G 12.8 + 2.1 (7-15) 6.9 + 2.8 
Kodak—Lanex Fast/T-MAT G 13.6 + 2.4 (9-17) 40+ 3.0 
Kodak—Lanex Fast/T-MAT H 12.4 + 2.8 (6-12) 18 £1.8 





a Technique: 90 kVp, 183-cm source-image distance, lead acrylic wedge 
filter, 12:1 grid, automatic exposure control, and posteroanterior projection. 


TABLE 4: Normalized Phantom Organ Doses* 





Normalized Dose in mrad/R Free- 


Organ in-Air (0.39 Gy per kg/C) 

AP Projection PA Projection 
Breast 279 +48 94 +13 
Bone marrow 53 + 4 110 + 16 
Eyes 4 + 04 2 +- 02 
Thyroid 526 + 54 206 +22 
Ovaries lene 2 1162-1 
Testes 49+ 0.3 56+ 0.2 





Note.—AP = anteroposterior, PA = posteroanterior. 

* Table shows normalized organ dose measurements for scoliosis radiog- 
raphy in an anthropomorphic phantom representing an average 6-year-old 
child. 


TABLE 5: Anatomic-Criteria Evaluation of Films of Scoliosis 
Patients 








Average Mean n. Significant’ 
System Scato fark Differences (System 
Numbers) 
1. Hi Plus/Cronex 4 80.2 5 LS E 
2. Lanex Regular/T-MATG 74.2 3.7 2> 4,5 
3. Lanex Fast/T-MAT G Vo 33 35 
4. Lanex Regular/Ortho H 65.8 2 4>5 
5. Lanex Fast/T-MAT H 49.0 1 — 





Note.—Dash indicates that scores from system 5 were lower than on any 
other system. 
* Mann-Whitney U Test, p < .05. 


tion relative to the anteroposterior projection; however, the 
active bone marrow dose doubles for this projection. 

Table 5 presents the results of the anatomic-criteria evalu- 
ations of films of scoliosis patients. The average score and 
mean rank for three radiologist observers are shown. 

The raw scores for all of the screen-film systems for each 
of three observers were analyzed using the Kruskal-Wallis 
one-way analysis of variance by ranks. At the 95% confidence 
level, there is no statistical evidence to reject the hypothesis 
that the scores are from the same population. The Mann- 
Whitney U test was used to compare the statistical signifi- 
cance of differences in mean scores. Statistically significant 
differences (p < .05) are noted in decreasing order of rank 
by system number (Table 5). 
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Discussion 


The purpose of this study was to evaluate the effect on 
image quality of various high-speed, rare-earth screen-film 
systems while simultaneously employing several methods of 
breast dose reduction (i.e., posteroanterior projection, high 
kilovoltage, and compensating wedge filter). Under these 
conditions, the doses measured at the xyphoid for three rare- 
earth screen-film systems (Table 3) decreased as a function 
of the speed of the systems, as expected, and were similar 
to those found by other investigators who employed the 
posteroanterior projection as well as various breast dose 
reduction methods. The doses we found were of relatively 
low magnitude. On the basis of relative system speed, Dupont 
Hi Plus/Cronex 4 would deliver a dose to the breast of 
approximately 15 mrad (107° Gy). 

Table 5 presents the average score of three radiologists 
that is based on their evaluation of the visualization of ana- 
tomic criteria in scoliosis films for each of the screen-film 
systems considered. The systems were also ranked from 5 
(highest) to 1 (lowest) in terms of relative evaluation score. 
The scores based on the highest-ranked but the slowest- 
speed system (Hi Plus/Cronex 4, a calcium tungstate screen- 
film system) was found to be significantly different (p < .05) 
from all of the rare-earth screen-film systems. Scores based 
on the second- and third-ranked systems (Lanex Regular/ 
T-MAT G and Lanex Fast/T-MAT G, respectively) were not 
significantly different from each other, but they were signifi- 
cantly different from the two fastest systems (Lanex Regular/ 
Ortho H, nominal 800 speed, and Lanex Fast/T-MAT H, 
nominal 1200 speed). The average scores for the three high- 
est-ranked systems were within the range rated as adequate 
according to the evaluation criteria of the radiologist observers 
in this experiment (i.e., a score 272). The radiologists con- 
cluded that these systems were adequate for initial as well 
as follow-up scoliosis examinations. The two fastest systems 
(mean ranks, 1 and 2) might be considered for follow-up 
examinations, even though the images are noisy. 

Table 4 presents normalized organ dose measurements for 
scoliosis radiography in an anthropomorphic phantom repre- 
senting an average 6-year-old child. Clearly, the use of the 
posteroanterior projection rather than the anteroposterior pro- 
jection provided approximately a threefold reduction in breast 
dose. This result is as expected from geometric considera- 
tions where the body provides shielding for the breast tissue. 
Similarly, the thyroid dose is reduced by a factor of approxi- 
mately 2.5, and the dose to the eye by a factor of two. The 
dose to the active bone marrow, however, is shown to double 
for the posteroanterior projection. This finding is similar to 
that of calculations provided by Rosenstein [13] for a 5-year- 
old patient. However, Gray et al. [14] indicated that the 
posteroanterior chest radiograph decreased bone marrow 
dose relative to the anteroposterior projection. These meas- 
urements were performed using an anthropomorphic phan- 
tom representing an adult (70-kg man). Beyond the obvious 
size differences, other problems are associated with estimat- 
ing an integral volume dose from point measurements at 
various locations within a phantom: differences in the volume 
of tissue irradiated, attenuation characteristics of the phan- 
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toms, and variations in the bone marrow distribution as- 
sumed. The distribution of bone marrow is a strong function 
of age and would, therefore, have a significant influence on 
the dose delivered to the bone marrow. In a 5-year-old, 
approximately 20% of the active bone marrow is in the skull, 
48% is in the thorax, and the remaining 32% is in the extrem- 
ities [12]. By the age of 15 years, the major distribution sites 
have gradually shifted from the skull (10%) and extremities 
(15%) to the pelvis (19%), vertebrae (28%), and ribs (14%). 
An expected consequence of this bone marrow redistribution 
would be a larger dose to the bone marrow in the adult, as 
compared with that measured in a 6-year-old anthropo- 
morphic phantom for scoliosis examinations. In addition, the 
shift of bone marrow distribution to the vertebrae is greater 
than that to the sternum and ribs; therefore, the bone marrow 
dose for the posteroanterior projection relative to the antero- 
posterior projection would be expected to be higher in an 
adolescent patient. The question of which projection provides 
a lower bone marrow dose remains open; however, we hope 
to shed some light on this question with future dose meas- 
urements to be conducted in an anthropomorphic phantom 
representing an average 12-year-old patient. 

This study shows that the use of the simple dose-reduction 
techniques can significantly reduce the dose to the breast 
during routine scoliosis examinations (and, concomitantly, the 
risk of radiation-induced breast cancer), without loss of im- 
portant diagnostic information. Gray et al. [5] estimated that 
dose is reduced 69-fold when these techniques are used 
instead of more conventional methods. Consider that a patient 
could receive up to a total of 40 scoliosis radiographs over a 
period of several years. The use of simple dose-reduction 
techniques could conceivably result in a dose savings of 10 
rad (0.1 Gy) to the breast. This dose level is significant 
because of the increased risk associated with radiation-in- 
duced breast cancer for young women. Boice and Monson 
[15] estimated the number of excess cases of breast cancer 
in women who have undergone radiation. For young women 
(13-20 years old), the estimated risk was 162 x 10°° for 
every 1 million women who had received a dose of 1 rad 
(0.01 Gy). Estimated risk decreased with age: for women 20- 
29 years old, there were 108 x 10° excess cases; for women 
more than 20 years old, there were 78 x 10° excess cases. 

Rare-earth screen-film systems can provide adequate im- 
age quality in scoliosis examinations (as shown by anatomic- 
criteria evaluations for initial as well as follow-up studies) 
while significantly reducing the radiation dose to the radiosen- 
sitive breast tissues. The average measured dose to the 
breast was 4.0 mrad (10° Gy) for a nominal 600-speed, rare- 
earth screen-film system in combination with breast dose 
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reduction methods. Faster rare-earth screen-film systems 
with correspondingly lower dose to the breast may be consid- 
ered for routine follow-up examinations where secondary 
Causes are no longer in question and decreased image quality 
is considered acceptable. Anthropomorphic phantom meas- 
urements demonstrate a threefold reduction in breast dose 
by the use of the posteroanterior projection rather than the 
anteroposterior projection; however, there is a compensating 
increase in the dose to the active bone marrow. 
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MR Imaging of Ebstein Anomaly: 


Results in Four Cases 





We performed ECG-gated MR imaging in four patients (4 months-15 years old), all of 
whom had a previously diagnosed severe form of Ebstein anomaly of the tricuspid valve. 
The goal was to study the anatomy of this congenital heart defect with MR imaging. The 
axial and coronal scans provided the best details. All characteristic abnormalities were 
seen well: the maintained proximal and faulty distal attachment of the anterior tricuspid 
leaflet, the absence of both septal and posterior tricuspid leaflets, the size and delin- 
eation of the anatomically atrialized chamber of the right ventricle, and the small, 
compressed trabecular portion with the markedly dilated pumping outflow tract of the 
right ventricle proper. 

Our results suggest that MR may furnish valuable information in patients with Ebstein 
anomaly when echocardiography is either inconclusive or technically difficult to perform. 


Ebstein anomaly (EA) of the tricuspid valve is a rare congenital heart defect 
found in approximately 0.5-1% of autopsy cases with congenital heart disease [1 i 
It is characterized by varying degrees of downward displacement or dysplasia of 
the tricuspid valve and resultant atrialization of a portion of the right ventricle, 
decreased pumping capacity of the right ventricle proper, and enlargement of the 
right atrium. 

Obtaining a clear anatomic picture with angiocardiography is often difficult 
because of the markedly enlarged and distorted right side of the heart and because 
the internal architecture might be obscured by the large amount of contrast medium 
required for angiographic studies. Therefore cross-sectional echocardiography, 
which provides a reliable assessment of anatomy and function in EA without 
requiring invasive investigations [2], is the imaging technique of choice. However, 
in borderline cases, problems may arise in distinguishing abnormal displacement 
from lowered septal offsettings of the tricuspid valve in normal persons [3]. 

MR imaging, which furnishes sectional anatomy in multiple body planes, might 
yield more detailed information about EA than either echocardiography or angio- 
cardiography. To assess this, we used MR to evaluate four patients with EA. 


Materials and Methods 


We performed MR studies of the heart in four patients with EA of the tricuspid valve. The 
patients ranged in age from 4 months to 15 years. Previous diagnosis had been made by 
either cineangiography or two-dimensional echocardiography. None of the patients had had 
surgery. 

Images were obtained in the body coil of a Picker Vista 1000, resistive, 0.15-T imager 
(Highland Heights, OH) with a proton-resonance frequency of 6.4 MHz. ECG gating was 
accomplished by a triggered data-acquisition process in which the R wave initiated a view 
while the R-R time determined the pulse-repeat time. A software-selective time-delay param- 
eter permitted imaging to begin at a prescribed point in the cardiac cycle. 

Spin-echo scans were performed with an echo-delay time of 30-40 msec. Images were 
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acquired with a mutlislice technique in which four to six adjacent 10- 
mm-thick sections were obtained. Each image used 128 views and 
four repetitions per view. The pixel size was 2 mm. 

All patients had axial and coronal scans. Two patients also had 
Sagittal scans. In the infant, a second set of axial slices was offset 
by 5 mm with respect to the original imaging level. 

The normal anatomy of the right side of the heart as it appears on 
MR images is as follows: The axial plane provides the best images 
of the tricuspid valve. Usually one of the sequential images through 
the entire right ventricle allows good visualization of the anterior and 
septal leaflets. The attachment of the septal leaflet to the interventric- 
ular septum is slightly closer to the heart apex (normal offsetting) 
than is the attachment of the mitral valve [4] (Fig. 1). Externally, the 
location of the attachment of the anterior leaflet is marked by the 
accumulation of fat in the anterior atrioventricular groove or by 
changes in the thickness of the anterior heart wall (Fig. 2A). These 
findings pinpoint the location of the right atrioventricular junction. The 
posterior leaflet of the tricuspid valve typically is not seen on the 
images. Of the papillary muscles, only the largest anterior one is well 
visualized, and only in approximately one-third of humans [5]. The 
second characteristic feature of the right ventricle is the prominent 
muscular structure, the moderator band, that extends from the ven- 
tricular septum to the anterior wall [5] within the trabeculated zone 
close to the apex (Fig. 1). The shape of the right ventricle changes in 
the caudocranial direction—the triangular shape of the inflow (inlet) 
and trabecular zones is replaced by the nearly round, smooth outflow 
portion (infundibulum) (Figs. 2A and 2B). On the coronal images, the 
internal anatomy is less clearly depicted because of the oblique 
orientation of the long axis of the heart, and the components of the 
tricuspid valve are not commonly visualized. The outflow tract of the 
right ventricle is clearly visible in its entirety. On the sagittal scans, 
the tricuspid valve cannot be located because the right ventricle and 
right atrium are nearly side by side. 


Results 


In all four of our patients, the axial and coronal images were 
similar. The markedly dilated right atrium was well defined, 





Fig. 1.—Axial scan through midportion of heart 
shows normal right heart. Septal leaflet of tricuspid 
valve (arrowhead) is closer to cardiac apex than 
is mitral valve (solid white arrow). Moderator band 
(open arrow) is visualized. An incidental finding is 
thickening of pericardium caused by chronic peri- 
carditis (black arrows). interventricular septum is 
slightly convex toward right ventricular. 
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and the anatomically atrialized portion of the right ventricle 
was Clearly delineated (Figs. 3 and 4). The wall thickness of 
the latter is diminished in comparison with that of the right 
ventricle proper (Fig. 3A). In two patients with a huge atrialized 
portion medial to the left ventricle, a definite posterior bulge 
extended to the posterior aspect of the left ventricular free 
wall or slightly beyond (Fig. 5). In two patients, the atrialized 
portion occupied the entire width of the right ventricle (Fig. 
3); in two, it was located posterior to the large anterior leaflet 
and extended toward its distal attachment (Fig. 5A). A con- 
stant finding was a convex leftward strand, a few millimeters 
thick, that separated the atrialized portion of the right ventricle 
from its compressed trabecular portion, including the apex 
(Figs. 3 and 4). 

The infundibulum, well outlined in all patients, was mas- 
sively dilated. It was situated above the dilated portion of the 
right ventricle and not above the trabecular portion (Fig. 4). 
Extreme changes were seen in the size of the infundibulum 
between diastole and systole (Fig. 6). 

The anterior leaflet of the tricuspid valve was well defined 
in three patients and was proximally attached to the atrioven- 
tricular ring (Fig. 3A). In two patients, the entire length of the 
anterior leaflet, running 2-3 cm parallel to the anterior wall, 
was visible; laterally, it reached the coarsely trabeculated 
portion of the right ventricle (Fig. 5). Neither a septal nor a 
posterior leaflet could be identified in any of the completely 
imaged hearts. 

An atrial-septal defect was diagnosed in the infant; it ap- 
peared as a defect in the septum on two adjacent levels and 
had a sharp, thick margin [6] (Fig. 7A). In three patients, the 
eustachian valve (a flap valve located in front of the mouth of 
the inferior vena cava) was identifiable (Fig. 7A). 

The left atrium and left ventricle were displaced craniad and 
laterally and were flattened in the posteroanterior projection. 
Consequently, the interventricular septum bulged into the left 
ventricle (Fig. 3). 





Fig. 2.—Axial scans of a normal heart show differences in shape of right ventricular components. 
A, Triangular inlet and trabecular portions (asterisk). B, Note oval shape of infundibulum (i). Notice 
accumulation of fat in right atrioventricular groove (arrow in A). 
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Fig. 3.—Axial scans in 12-year-old boy with 
Ebstein anomaly show markedly enlarged right 
atrium (a) and atrialized portion of right ventricle 
(arv). Proximal attachment of anterior tricuspid 
leaflet at atrial ventricular junction (straight white 
arrow) and its distal attachment to septum (arrow- 
head) are well seen in A. Muscular ridge (open 
arrow) separating compressed trabecular portion 
(tr and black arrow) of right ventricle from atrial- 
ized portion is shown on A and B. Triangular struc- 
ture (curved white arrow in B) is adipose tissue 
between right atrium and dilated right ventricular 
outflow tract (compare with Fig. 6). Interventricular 
septum bulges toward left ventricle. 


Fig. 4.—Coronal scans in 15-year-old boy (A) 
and in 10-year-old boy (B) show four components 
of right heart in Ebstein anomaly: atria (a), atrial- 
ized portion of the right ventricle (arv), com- 
pressed trabecular portions (tr), and infundibula 
(i). Black arrows show atrioventricular junction. 
Atrialized portions of right ventricle are separated 
from compressed trabecular portions by a leftward 
convex vertical structure—muscular ridge (arrow- 
heads). Notice cranial extension of this muscular 
ridge. Large infundibula are located above atrial- 
ized portions. 


Fig. 5.—Adjacent axial images of patient shown 
in Fig. 4A. Atrialized portion of right ventricle 
bulges posteriorly (solid straight arrows) and is 
bordered anteriorly by anterior leaflet of tricuspid 
valve (open arrow in A), which courses from atrio- 
ventricular junction to its distal insertion—the 
muscular ridge (curved arrow). Recesslike space 
(asterisk) anterior to anterior leaflet is not incor- 
porated into atrialized portion of right ventricle. 
Small trabecular portion (tr and black arrows) is 
again well shown on both frames. 


Discussion 
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edge of the anterior leaflet is free, in EA this edge is attached 


The pathologic findings of EA are as follows: The anterior variably to the right ventricular wall either by an abnormal 
leaflet of the tricuspid valve always remains medially con- anterolateral papillary muscle or by a continuous muscular 
nected to the right atrioventricular junction [7]. However, in connection [8]. The septal and posterior leaflets are displaced 
contrast to the normal tricuspid valve, in which the lateral downward and may be deficient or absent [9]. 
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Besides being abnormally inserted, the tricuspid valve is 
almost always dysplastic; in fact, the dominant feature is 
dysplasia of the valves rather than displacement [10]. EA can 
therefore be characterized as a spectrum of features related 
to the degree of displacement of the proximal leaflet attach- 
ments and to the position and structure of their distal attach- 
ments [11]. 

We found no detailed report concerning MR imaging of EA. 
Brief reference is made to an axial scan showing a distally 
displaced septal leaflet having a common attachment of its 
margin with the lateral border of the anterior leaflet; the 
proximal attachment of the anterior leaflet remained at the 
right atrioventricular junction [5]. This heart represents a mild 
form of EA. 

Our experience with the more severe form of EA indicates 
that the MR images closely reflect the pathologic anatomy. 
The maintained proximal annular attachment of the anterior 
leaflet was well imaged in three patients (Figs. 3A and 5A). In 
two patients the diagonally coursing anterior leaflet on the 
axial images (Fig. 5) corresponds to the sail-like appearance 
of the leaflet from the anatomic specimen. If the anterior 
leaflet is not imaged on the axial scans, one may postulate 
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Fig. 6.—Adjacent axial images, A in systole and 
B in diastole of patient shown in Fig. 4B. Note large 
volume changes in right ventricular infundibulum 
(i). Signals between infundibulum and right atrium 
(arrow) are produced by adipose tissue and not 
by tricuspid valve. Aorta (ao) is wedged between 
infundibulum and right atrium. 


Fig. 7.—A, Axial image of an infant shows atrial 
septal defect (curved arrow) and eustachian valve 
(open arrow). Again, boundary (solid straight ar- 
row) between atrialized portion and small trabec- 
ular portion of right ventricle can be seen. 

B, Anteroposterior cineangiogram. Contrast me- 
dium is delivered into atrialized portion of right 
ventricle. Vertical boundary (arrows) between 
atrialized portion and trabeculated portion of right 
ventricle is well shown and extends to level of 
infundibulum. 


that it is broadly plastered to the anterior wall. The fact that 
neither the septal nor the posterior leaflets could be traced in 
any of the four patients is not surprising in view of the 
pathologic findings in severe forms of EA such as those 
described above. 

In EA, because the orifice of the tricuspid valve does not 
correspond to the atrioventricular junction, two different com- 
partments result, the anatomically atrialized portion and the 
hemodynamically effective right ventricle proper. The ana- 
tomic atrialization of the right ventricle is well illustrated on 
both axial and coronal MR images (Figs. 3-5) as the portion 
of the right ventricle between the atrioventricular annulus and 
the distal attachment of the abnormal leaflets—the actual 
tricuspid valve orifice. It involves only the inlet zone of the 
right ventricle and, no matter how severe the anomaly, the 
atrialized portion cannot extend beyond the boundaries of the 
inlet zone because the most distal attachment of the tricuspid 
valve leaflets is at the abnormal papillary muscles and ridgelike 
muscular structure at the inlet-trabecular junction [11]. The 
size of the atrialized portion can vary, however, depending on 
the severity of the defect. 

The lateral delineation of the atrialized portion in our pa- 
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tients was uniform. On the axial images, it was characterized 
by a leftward convex strand extending in the anteroposterior 
direction with broader attachment to the septum (Figs. 3 and 
5). On the coronal images, it was a vertical band (several 
millimeters thick) on the ventricular septum that reached to 
the infundibulum (Fig. 4). These anatomic features most likely 
correspond to the ridgelike muscular structure at the inlet- 
trabecular junction, commonly encompassing the distal faulty 
attachment of the tricuspid valve apparatus [8, 9, 11]. 

The angiocardiographic findings (Fig. 7B) attributed to 
either the laterally displaced anterior leaflet [12] or the dis- 
placed tricuspid valve [13] de facto may actually represent 
the ridgelike or shelflike structure of the inlet-trabecular junc- 
tion to which the anterior tricuspid leaflet distally is attached; 
this is seen both in the pathologic specimens and on the MR 
images. 

The second compartment of the right ventricle in EA is 
composed of the trabecular and outlet zones. However, analy- 
sis of the MR images makes it obvious that only the dilated 
outflow zone is hemodynamically effective. Depending on the 
heart cycle, this zone displays extreme variations in volume 
(Fig. 6). On the other hand, the trabecular portion including 
the apex shows no volume changes at all. Consequently, the 
pumping component of the right ventricle is confined solely 
to the infundibulum; its large size and the marked changes in 
volume reflect this. 

The marked dilatation of the right ventricle is well docu- 
mented on MR images in all three planes. The axial scans 
show a bulging of the right ventricular wall posteriorly, actually 
beyond the plane of posterior extension of the left ventricle 
(Fig. 5). Thus, in severe forms of EA, the posteroinferior 
border of the heart on a lateral radiograph may be formed by 
the large right ventricle and not by the left ventricle displaced 
posteriorly by the right heart. 

There is no good explanation for the massive dilatation of 
the right ventricle in EA; some authors propose that it is an 
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integral component of EA resulting from the deficiency of the 
right ventricular myocardium [7 ]. 

Our results show that MR imaging provides detailed ana- 
tomic images of even severe forms of EA and may be valuable 
whenever there is a need for more information than echocar- 
diography or angiocardiography can provide. 
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Prenatal Ultrasound. A Color Atlas with Anatomic and Pathologic Correlation. By Beverly A. Spirt, Lawrence P. 
Gordon, and Michael Oliphant. New York: Churchill Livingstone, 148 pp., $70 


This book is a color atlas of normal and abnormal fetal develop- 
mental anatomy. The book contains two sections. The first traces 
normal fetal development and correlates sonographic findings with 
pathologic specimens, radiographs, angiograms, and images from 
fetoscopy. This “forms a basis for understanding the characteristic 
sonographic features of the pathologic conditions presented in the 
second section. At the end of each section selected references, 
intended for study in greater depth, are provided.” 

The first section is divided by organ systems into subsections on 
the spine, fetal skeleton, brain, face, fetal circulation, fetal thorax, 
abdomen, reproductive system, and placenta. It has virtually no text, 
but each subsection contains a table of significant developmental 
milestones for that organ system. The quality of the sonograms is 
excellent. The pathologic specimens used for correlation are well 
chosen and clearly depicted and correspond well with the sonograms. 
The sections on the fetal skeleton and face have some particularly 
striking images of the gross specimens. The ossified part of the fetal 
skeleton is stained with alizarin red and the unossified cartilage with 
alcian blue, corresponding to the sonographically visualized and 
nonvisualized portions of the fetal skeleton. The fetal angiograms in 
the subsection on normal fetal circulation are also excellent. 

The second section is entitled “Prenatal Pathology.” It also is 
organized into subsections: the CNS, thorax, abdomen, skeleton, 
placenta, and “Other Entities.” Abnormalities of the urinary tract are 
covered in the subsection on the abdomen. The subsection entitled 


“Other Entities” includes cystic hygroma, hydrops fetalis, extrago- 
nadal teratoma, amnionic band syndrome, two-vessel umbilical cord, 
and conjoined twins. For each of the major anomalies covered, the 
sonographic findings of abnormal anatomy are correlated with cor- 
responding gross pathologic findings, plain films, or contrast studies. 
A concise chart accompanies the description of each major anomaly. 
Each chart consists of a definition of the abnormality, sonographic 
criteria for diagnosis, a proposed cause, associated conditions, dif- 
ferential diagnosis, and either classic or recent references. This is an 
especially useful element of the text. In the second section, as in the 
first, the quality of the sonograms is excellent, and the correlation of 
gross pathologic changes with radiographic findings is outstanding. 
The authors state that “sonographic imaging ... demands the 
integration of embryology, normal developmental anatomy, and pe- 
diatric pathology to achieve a logical approach to the fetal sonogram.” 
They have accomplished this in superb fashion. Throughout the book, 
the correlation of fetal anatomy on sonograms with helpful photo- 
graphs of gross specimens or radiographic findings is excellent. Many 
of the illustrations are stunning. | highly recommend this book to 
sonographers, radiologists, perinatologists, and obstetricians. 


Steven K. Sargent 
Dartmouth-Hitchcock Medical Center 
Hanover, NH 03756 
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Chest Radiography in Infant 
Cardiac Allotransplantation 





Heart transplants were performed in seven infants at Loma Linda University Medical 
Center from 1985 to 1987. Five of these seven patients survived. In this report, the 
radiographic appearance of the chest is presented before surgery, immediately after 
surgery, and during a documented episode of rejection. The most current available 
chest radiograph is also presented. Acute rejection was confirmed by clinical, echocar- 
diographic, and ECG findings. The only pulmonary infection encountered was myco- 
plasma pneumonitis. Four patients developed gastrointestinal rotavirus infections and 
were shown to have dilated proximal small-bowel folds on upper gastrointestinal studies. 
At the time of this writing, the prognosis for the five surviving infants is good. 

We conclude that the radiographs of infants who have received heart transplants 
show an unusual cardiac contour and slight cardiomegaly. Increasing cardiomegaly can 
alert one to early rejection. Prominent folds in the small bowel are of uncertain origin 
and significance, but they may be related to infection resulting from immunosuppression. 


From 1985 to 1987, seven infants received cardiac allotransplants at Loma Linda 
University Medical Center. Five of the seven patients are alive and appear to be 
developing normally; the oldest is 18 months old. The purpose of this report is to 
describe the radiographic findings in these five patients. 


Materials and Methods 


The seven infants who received transplants were between 4 days and 3.5 months old at 
the time of transplantation. Three were boys and four were girls. Two were born prematurely, 
and the others were term infants at birth. Five had hypoplastic left heart syndrome. One 2.5- 
month-old girl suffered from left heart failure caused by atrioventricular canal, diminutive left 
ventricle, hypoplastic aortic arch, and coarctation. A 3.5-month-old infant had a hypoplastic 
left heart equivalent, transposition of the great vessels, hypoplastic right heart, hypoplastic 
aorta, and coarctation. After surgery, all patients received cyclosporine. Prednisone and 
azathioprine, as well as antithymocyte globulin, were added during rejection episodes. 

Since the patients were considered too small to obtain serial muscle biopsy, rejection 
episodes were evaluated by clinical findings of irritability, anorexia, tachypnea, and tachy- 
cardia. Increasing cardiomegaly and pulmonary edema seen on plain anteroposterior chest 
radiographs, echocardiography showing increased posterior muscle-wall thickness and de- 
creased fiber-shortening fraction, and an additional ECG showing a drop in electrocardi- 
ographic voltage and arrhythmias all confirmed the presence of rejection [1]. All patients were 
followed with serial anteroposterior chest radiographs and routine cultures of sputum and 
blood. Lung scans were not performed because none were suspected of having pulmonary 
infarction. Small-bowel series were performed in all five surviving infants. The two infants 
who died did not have gastrointestinal studies. 


Results 


The oldest survivor was 18 months old at the time of this writing. Of the two 
patients who died, one had hypoplastic left heart and died as a result of complica- 
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tions of a perforated duodenal ulcer on the 13th day after 
surgery; the other died 4 days after surgery as a result of low 
cardiac output. There was no evidence of cardiac rejection in 
either patient. One patient who developed pulmonary infil- 
trates had positive sputum cultures for Mycoplasma on three 
separate occasions and responded well to antibiotics each 
time. No other organism was cultured, nor was there any 
other radiographic evidence of pneumonia. One premature 
infant died, and the other, living premature infant required 
respiratory support because she had developed lung scarring 
before transplantation. Details of these cases have been 
previously reported [2]. Two patients developed clinical man- 
ifestations of recurrent sinusitis, and both had radiographic 
findings that were consistent with that diagnosis. No organism 
was Cultured, and both patients responded to antibiotics. 
Four patients had prominent jejunal folds and transient intus- 
susception. Several weeks after the small-bowel series were 
performed, all four infants with an abnormal mucosal pattern 
were documented to have rotavirus infections, without a 
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change in the small-bowel pattern. Nine months later, the 
small-bowel pattern returned almost to normal without a 
change in the clinical status. Representative examples of the 
chest radiographs of three of the five surviving patients are 
presented in Figures 1-3. 


Discussion 


Previous reports of cardiac transplants have dealt almost 
exclusively with adults. Weidner et al. [3] noted generalized 
cardiac dilatation after transplantation. He also described the 
absence of left ventricular failure patterns during acute rejec- 
tion and thought an early posttransplant alveolar infiltrate 
should be interpreted as either pneumonia or infarction. Gold- 
stein et al. [4] indicated that the radiographic appearance of 
pneumonias occurring after cardiac transplantation was rela- 
tively nonspecific as to cause. 

Singleton [5], Singleton et al. [6], and Singleton and 
Colquhoun [7] found that in acute rejection, the heart showed 


Fig. 1.—A, Anteroposterior view of 
chest in a 4-day-old boy who had hy- 
poplastic left heart. Note that there is 
cardiomegaly and pulmonary edema 
before transplantation. 

B, Anteroposterior view of chest ob- 
tained immediately after heart trans- 
plantation. Donor heart is normal in 
size. Minimal left upper lobe atelectasis 
is present, but lungs are clear other- 
wise. 

C, Anteroposterior view of chest dur- 
ing an episode of acute rejection 1 
month after transplantation. Heart is 
enlarged, and there is minimal pulmo- 
nary interstitial edema and right pleural 
effusion. 

D, Anteroposterior and lateral radio- 
graph of chest when patient was 18 
months old. Heart is minimally enlarged 
in its transverse diameter. Right heart 
border is rounded, and apex points lat- 
erally. Superior mediastinum is narrow. 


AJR:150, February 1988 


Fig. 2.—A, Anteroposterior view of 
chest in a 3.5-month-old infant who had 
hypoplastic left heart equivalent (trans- 
position of the great vessels, hypoplas- 
tic right heart, hypoplastic aorta, and 
coarctation). Cardiomegaly and pulmo- 
nary venous congestion are present. 

B, Chest radiograph obtained after 
heart transplantation. Donor heart is 
normal in size. There are bilateral pneu- 
mothoraces. Partial left upper lobe at- 
electasis and pulmonary edema are 
present. 

C, Anteroposterior view of chest ob- 
tained during an episode of acute re- 
jection 2 weeks after transplantation. 
Note cardiomegaly, right pleural effu- 
sion, and pulmonary venous conges- 
tion. 

D, Anteroposterior view of chest at 
7 months of age. Heart remains slightly 
enlarged with a prominent right heart 
border and apex, clear lung, and nar- 
row superior mediastinum. 


increasing dilatation, there were small pleural effusions, and 
septal lymphatic lines were visible. With chronic rejection, 
there also was cardiomegaly but minimal or no pulmonary 
edema. Infections in general, gastrointestinal bleeding, and 
osteoporosis were also common and apparently were related 
to immunosuppressive therapy. Silverman et al. [8] described 
unusual cardiac contours after transplantation and found 
them to be the result of fitting the dilated atrial portions of the 
recipient heart with the normal donor heart. Dietz et al. [9] 
found that the apex of the transplanted heart was rotated 
laterally, presumably as a result of the surgical procedure. 

In the infant, the donor heart has a unique radiographic 
appearance during the first few days after transplantation 
(Figs. 1-3). The heart becomes mildly dilated for as yet 
unknown reasons, although it is speculated that dilatation is 
related to denervation (Bailey LL, personal communication). 
Both atria are slightly enlarged, probably because of the large 
volume of the combined donor and recipient atria [10]. Be- 
cause most of the thymus has been resected, the superior 
mediastinum is narrowed. Since the affected hypoplastic 
aorta was included with the heart in the resection, neither 
reduction nor enlargement of the aortic shadow is observed. 
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Increasing cardiomegaly is an early warning sign of rejection 
and may precede the clinical symptoms by 24 hr (Fig. 3). 
However, this finding is not present in about half of the 
episodes. This concurs with the findings of Singleton and 
Colquhoun [7] and Shirazi et al. [11]. It is particularly important 
to watch for increasing cardiomegaly in infants since these 
patients are too small to have serial biopsies for evaluation of 
rejection. 

Bacterial pneumonia or Mycoplasma pneumonia should be 
the first diagnosis when pulmonary opacities appear. Pulmo- 
nary infection by opportunistic organisms (e.g., Pneumocystis 
carinii, cytomegalic virus) (12] has not occurred. One patient 
who had cystomegalic-positive urine cultures did not have 
pulmonary infiltrates. 

The prominent jejunal folds found in three patients are of 
undetermined origin. Many gastrointestinal problems have 
been described in adult recipients of heart, renal, and marrow 
transplants [13, 14]. These have varied from mild diarrhea to 
fatal perforation. The suggested explanations for gastrointes- 
tinal complications have included nonocclusive ischemia, in- 
fection, effect of steroid or cyclosporine, and graft-versus- 
host reaction. The evaluation of our patients is still in progress. 
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Fig. 3.—A, Anteroposterior view of 
chest in a 2.5-month-old girl who had 
an atrioventricular canal, diminutive left 
ventricle, hypoplastic aortic arch, and 
coarctation. In addition to cardiomegaly 
and mild pulmonary venous conges- 
tion, there are faint linear densities in 
right upper and middie lobes thought 
to represent residual scarring from 
bronchopulmonary dysplasia. 

B, Anteroposterior view of chest ob- 
tained immediately after heart trans- 
plantation. Small bilateral pneumotho- 
races are present, and there is minimal 
pulmonary edema and right upper lobe 
collapse. 

C, Anteroposterior view of chest ob- 
tained 3 weeks after heart transplan- 
tation during an episode of rejection. 
Heart is dilated, and there is septal 
edema. 

D, Recent anteroposterior radio- 
graph of chest shows persistent but 
decreased cardiomegaly. No septal 
edema is present, but there are still 
linear scars in right lung. Superior me- 
diastinum is narrow. 
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Food Allergy Presenting as Obstruction in an Infant 


Joan Mclihenny,' James L. Sutphen,’ and Charles A. Block? 


The radiographic and clinical signs of intestinal obstruction 
in an infant usually suggest a mechanical or (less commonly) 
an inflammatory cause. We present a case of food allergy 
presenting as obstruction in a male infant. 


Case Report 


A 2-month-old boy was admitted to the pediatric intensive care 
unit for the acute onset of fever, nonbilious vomiting, abdominal 
distension, and acidosis (serum bicarbonate 7 mEq/l). His admission 
height and weight were at the fifth percentile. Physical examination 
was remarkable for 15% dehydration and a markedly protuberant 
abdomen. No masses were palpated. At admission there were no 
eosinophils on peripheral blood smear; however, the WBC count was 
16,700 (14 band neutrophils, 30 mature neutrophils, 36 lymphocytes, 
10 monocytes, and 10 atypical lymphocytes). Stools were negative 
for occult blood, and no fecal leukocytes were seen on microscopic 
examination. The infant had a history of intolerance to milk and soy 
formulas that was associated with rotavirus infection 3 weeks before 
the current illness. He had stabilized on Pregestimil (protein hydroly- 
sate, Mead Johnson and Co., Evansville, IN) formula and was gaining 
weight. A repeat enzyme-linked immunosorbent assay (ELISA) for 
rotavirus was not performed. A feeding of 4 oz of Isomil (soy formula, 
Ross Laboratories, Columbus, OH) had been given earlier in the day 
before the development of his acute illness. At the patient's presen- 
tation, plain films of the abdomen revealed marked abdominal disten- 
sion and a few air-fluid levels (Figs. 1A and 1B). An abdominal 
sonogram showed multiple dilated, fluid-filled intestinal loops with 
active peristalsis and no ascites (Fig. 1C). A water-soluble contrast 
enema showed a normal rectum and multiple extrinsic masses com- 
pressing the colon (Figs. 1D and 1E). No intussusception or other 
obstruction was seen in the colon. The cecum appeared normal, but 
we were unable to achieve reflux into the terminal ileum. On the 


upper gastrointestinal examination, barium did not pass beyond the 
second portion of the duodenum despite prolonged observation in 
multiple positions (Fig. 1F). 

As we could not confidently exclude the possibility of midgut 
volvulus, a laparotomy was performed. Dilated fluid-filled loops of 
small bowel were found, and the large bowel was normal. The picture 
was consistent with an ileus. An intraoperative rectal biopsy was 
normal with ganglion cells present. Subsequent cultures for bacterial 
enteric pathogens (Sa/monella, Shigella, Campylobacter, Yersinia, 
and Aeromonas) were negative. After surgery, allergy scratch tests 
were positive for milk and soy protein with a 3 x 3 mm wheal for 
each. Immunoglobulin E was undetectable. Levels of other serum 
immunoglobulins were normal. Radioallergosorbent tests were not 
performed. The patient was given 1 g of tofu (soy protein) by mouth, 
which produced vomiting and guaiac-negative diarrheal stools within 
2 hr. A trial feeding of 10 ml of Similac (cow's milk formula, Ross 
Laboratories) produced irritability and watery stools positive for re- 
ducing substances and blood. The infant is currently doing well at 9 
months of age on Nutramigen (casein hydrolysate, Mead Johnson 
and Co.) and strict exclusion of milk and soy products. 


Discussion 


Radiographic evidence of intestinal obstruction in the first 
year of life usually indicates a mechanical or physiologic 
obstruction or an adynamic ileus from adjacent inflammation 
[1]. The differential diagnosis includes a mechanical obstruc- 
tion from malrotation with a midgut volvulus, mechanical 
obstruction from other rare causes (such as a Stricture, an 
internal hernia, or an intussusception caused by a duplication), 
a physiologic obstruction from Hirschsprung disease, and an 
adynamic ileus possibly from appendicitis. Infectious gas- 
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Fig. 1.—A and B, Radiographs of abdomen showing abdominal distension and several air fluid levels. Umbilical hernia was reducible. A is anteroposterior 


view; B is cross-table lateral view. 
C, Sagittal sonogram showing multiple fluid-filled bowel loops. 


D and E, Water-soluble enema showing multiple extrinsic masses indenting colon. At surgery, these were found to be dilated loops of small bowel. D 


is anteroposterior view; E is lateral view. 


F, Anteroposterior view from upper gastrointestinal study shows termination of barium column in proximal duodenum, presumably from compression 
by dilated bowel loops. Barium also refluxed around nasogastric tube into esophagus. Residual water-soluble contrast material is present in colon. 


troenteritis was considered less likely because of the abrupt 
onset of the symptoms and their rapidly progressing severity. 
The active intestinal peristalsis seen with sonography and the 
paucity of diarrhea led us initially to favor a distal mechanical 
obstruction. The water-soluble enema excluded colonic 
causes of obstruction. The upper gastrointestinal series was 
performed to rule out malrotation with acute volvulus. When 
barium did not pass beyond the second portion of the duo- 
denum, surgery was performed to exclude the possibility of 
a midgut volvulus. At surgery, no anatomic abnormalities were 
found except for distension of the small bowel with fluid. 

We postulate that this patient had a massive outpouring of 
fluid into his small intestine caused by local intestinal anaphy- 
laxis. With a type | reaginic or immediate hypersensitivity 
response, mast cells are activated and release vasoactive 


mediators (histamine, prostaglandin Dz, and kinins) and chem- 
otactic factors for macrophages, neutrophils, eosinophils, and 
platelets. These mast-cell mediators cause increased vascular 
and mucosal permeability, edema, and smooth-muscle con- 
traction [2]. 

Two other reports [3, 4] describe infants with a history of 
formula intolerance, intractable diarrhea, and failure to thrive 
who were challenged in a hospital setting with oral soy-protein 
isolate and developed fever, lethargy, hypotension, vomiting, 
and diarrhea. These children were not diagnostic dilemmas 
at the time of their challenge tests and did not receive radio- 
logic evaluation. All of these patients had concomitant sensi- 
tivity to cow’s milk protein (as did our patient) [3, 4]. The 
validity of using skin tests alone for the detection of food 
allergies is controversial. In our patient, the response to the 
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food challenges confirmed the diagnosis of food allergy. REFERENCES 

Dietary protein allergy to both cow's milk and soy proteins 1. Merten DF. The acute abdomen in childhood. Curr Prob! Diagn Radiol 
usually develops before 6 months of age, and reexposure to 1986:15:335-425 
the offending protein after 1 year of age is often well tolerated. 2. Lake A. Food allergy. In: Grand RJ, ed., Pediatric nutrition: therapy and 


practice. Boston: Butterworth, 1987:615-625 
3. Whitington PF, Gibson R. Soy protein intolerance: four patients with 
concomitant cow's milk intolerance. Pediatrics 1977;59: 730-732 


Hence, the allergic response is a self-limited, age-dependent 
phenomenon, and it is not necessarily a long-term allergy 


[2]. Radiologists should be aware of this entity in the young 4. Minford AMB, McDonald A, Littlewood JM. Food intolerance and food 
infant who presents with obstructive symptoms. allergy in children: a review of 68 cases. Arch Dis Child 1982;57:742-747 
Errata 


In the article “Flat Chest in Chronic Bronchopulmonary Dysplasia” by Edwards and Hilton, which appeared in the 
December 1987 issue of AJR (AJR 1987;149:1213-1216), an error was made in the final sentence of the first paragraph 
of the discussion (page 1215). The sentence should have read “Nevertheless, the statistical difference from unaffected 
patients is striking (p < 10%), as is the appearance of the lateral chest radiograph in the patients with more severe chest 
flattening (Fig. 1).” AJR regrets this error. 


In the article “The Impact of New Imaging Technology on Health Care, Research, and Teaching: An International 
Symposium” by Figley and Margulis, which appeared in the December 1987 issue of AJR (AJR 1987;149:1111-1126), 
an error was made in the listing of the participants (page 1125). Professor Dado Kovacevich representing Yugoslavia is 
not deceased. He took the place of Professor Dusko Katunarich, who was his Chief. (Dr. Katunarich was originally to 
have been one of two representatives of Yugoslavia, but he recently died.) 
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Paediatric Oncology. An Illustrated Introduction. By William R. McWhirter and John P. Masel. Baltimore, MD: 
Williams & Wilkins and Associates Pty., 316 pp., 1987. $60 


The aim of this book, “to provide background information for some 
of the members of that team who may be involved at some stage 
with the treatment of childhood cancer,” is accomplished in those 
general terms. This book is an introduction to the practical consider- 
ations of pediatric oncology; it is a survey that would benefit gener- 
alists among physicians, physician specialists, and associated health 
professionals. The style is readable, and the book is enhanced by 
appropriate illustrations—nearly 200 figures of imaging examinations. 
Most of these are radiographs, but about one-third are special 
imaging pictures, such as CT scans, sonograms, and scintigrams. 
Also included are a few clinical photographs, a few MR images, some 
graphs, scattered tables, and an appendix. The emphasis is on major 
childhood neoplasms, but many other neoplasms are included, al- 
though discussions about them are brief. 

Chapter 2, “Investigations in the Management of Cancer,” and 
chapter 3, “Principles of Cancer Treatment,” are probably the most 
appealing and useful chapters for the general readership of AJR. 
However, the chapters on specific diagnoses also are well illustrated, 
with typical radiographic or other imaging findings that help in showing 
“the extent of abnormal tissue,” and “the effect of the lesion on other 
tissues and organs.” The authors give full credit to diagnostic imaging, 


to the extent of claiming that sometimes histologic typing from such 
findings “is quite precise.” 

Although each chapter is followed by a list of pertinent references, 
in some instances other significant references are not found in these 
lists. 

Chapter 4, “Psychosocial Aspects of Childhood Cancer,” and 
chapter 13, “The Late Effects of Childhood Cancer,” are lagniappes, 
so to speak, that add to the value of this book. Psychosocial needs 
are worthy of attention in all of medicine, but especially in children 
who have cancer. Because the child who survives cancer (overall 
survival rate of about 50%) has a relatively long time to live, the 
physician needs to know about the temporary or permanent sequelae. 

The book is recommended to general practitioners, pediatricians, 
radiologists, paramedical professionals who work with children who 
have cancer, and medical students. It is a good introduction to 
pediatric oncology, in general, and to diagnostic imaging aspects, in 
particular. 


Lionel W. Young 
Children's Hospital, Medical Center of Akron 
Akron, OH 44308 
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The Use of Midazolam for Sedation of Infants and Children 


Michael J. Diament' and Philip Stanley 


Midazolam (Versed, Roche Laboratories, Nutley, NJ), the 
first water-soluble benzodiazepine, has had widespread ac- 
ceptance as a parenteral anxiolytic agent and as an anesthetic 
premedication in both adults and children [1-3]. Over the 
past year, we have used midazolam in invasive procedures in 
pediatric patients and have found it to be preferable to diaze- 
pam (Valium, Roche Laboratories, Nutley, NJ), which we had 
previously used. 


Materials and Methods 


In September 1986, we began using IV midazolam for sedation of 
patients undergoing invasive procedures. Since February 1987, mid- 
azolam has replaced diazepam in our practice. As of August 1987, 
we had used it in 51 patients who had undergone 56 invasive studies, 
including angiography, percutaneous drainage, needle biopsy, my- 
elography, arthrography, and sialography. The age range was 5 
months-17 years, with an average of 7.6 years. 

Our protocol for invasive procedures has been described else- 
where [4]. All patients receiving parenteral medication are attended 
by a radiology nurse. A pulse oximeter and an automatic device to 
monitor blood pressure are in place. All the procedures are done in 
rooms in which full resuscitative equipment is available. We rarely 
premedicate the patient and prefer to begin IV analgesia and sedation 
as soon as the patient arrives in the special procedures room. The 
initial dose of midazolam is 0.1-0.2 mg/kg, up to a maximum of 5 
mg for the first aliquot. If the procedure is expected to be painful, 
(e.g., percutaneous drainage or biopsy), IV meperidine (1.0 mg/kg to 
a maximum of 25 mg for the first aliquot) is also given. If the degree 
of sedation or analgesia is inadequate, additional doses are given 
depending on the patient’s response. 

After the procedure, the patient is either returned to the hospital 


ward or, if an outpatient, to the radiology nurses’ station. Outpatients 
are discharged when they are able to take fluids. 


Results 


All of the procedures in which midazolam was used as an 
anxiolytic and sedative agent were completed successfully. 
The time required to achieve adequate sedation varied from 
1 min to approximately 30 min. The longer periods were due 
to our policy of waiting approximately 5 min between supple- 
mentary doses of midazolam or meperidine to avoid overse- 
dation. The range of total dose/patient was from 0.20 mg/kg 
to 1.25 mg/kg. Most patients received less than 0.4 mg/kg. 
Medication was administered at the same time that the patient 
was being prepared for the procedure and that scout films 
were being obtained so that the total time for the examination 
was not significantly increased, even when longer periods 
were required for sedation. 

Two complications were associated with the use of mida- 
zolam. The more serious one occurred in a 14-year-old girl 
who was undergoing renal transplant angiography for hyper- 
tension. Approximately 5 min after the initial injection of 
meperidine (25 mg) and midazolam (5 mg), her respirations 
became erratic and the arterial oxygen saturation decreased 
to approximately 80%. Her condition improved after admin- 
istration of IV naloxone and oxygen by nasal cannula. There 
was no evidence of sequelae on follow-up examination. It is 
uncertain whether the problems were due to meperidine, 
midazolam, or a combination of the two drugs. Midazolam 
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extravasated from a peripheral IV in the foot in a 5-month-old 
infant, causing erythema around the injection site and a delay 
in the onset of sedation. The infant did not appear to have 
pain, and there was no evidence of tissue damage on follow- 
up examination. The procedure was successfully completed 
after a new IV line was established. 


Discussion 


We began to use midazolam because it causes less local 
irritation with IV injection [5]. In children, the pain is signifi- 
cantly reduced or even eliminated when the drug is injected 
through small peripheral lines. This is probably due to its 
water solubility as compared with that of diazepam, which 
uses propylene glycol as a diluent [1]. With diazepam, we 
commonly encountered the problem of the patient becoming 
combative immediately after the injection. This would often 
take several minutes to resolve. Also, there appears to be 
lower occurrence of venous complications with midazolam 
compared with diazepam in most, but not all, reported series 
[1]. Midazolam can be combined in the same syringe with 
meperidine or morphine and, unlike diazepam, does not pre- 
cipitate in standard IV solutions [6]. 

The half-life of midazolam (1-4 hr) is approximately one- 
fourth that of diazepam [1]. Most of our examinations require 
less than 1 hr to perform so that supplementary doses rarely 
are needed, once effective sedation has been achieved. In all 
of our outpatient procedures, the patients have been suffi- 
ciently awake and alert for discharge from the department 
within 4 hr after the completion of the study [4]. All of our 
older patients have reported complete antegrade amnesia 
after the injection of midazolam. 

The dose that we employ is greater than that recommended 
for invasive diagnostic procedures in the manufacturer's insert 
[6] but is comparable to that commonly used for anesthetic 
premedication [1]. An inverse relationship between dose and 
age has been reported, but considerable individual variation 
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exists [3, 7]. We think that the doses we use are safe as long 
as the medication is injected over a 1-3 min period and the 
patient is monitored carefully. Because of the reported ex- 
perience with the drug and our careful monitoring of patients, 
we did not think that informed consent for the use of doses 
higher than those recommended by the manufacturer was 
necessary. 

Midazolam may also be given per rectum [8] or intramus- 
cularly [3]. These routes of administration may be useful either 
when premedicating a patient or when starting an IV is 
difficult. However, we prefer to have a line in place in case 
resuscitative fluids or drugs are required. The oral form of the 
drug is not available in the United States. 

Midazolam has been shown to be an effective anxiolytic 
agent for a variety of surgical and invasive procedures. Our 
experience suggests that midazolam is preferable to diaze- 
pam for use in children. However, facilities and personnel for 
resuscitation and careful patient monitoring must be available. 
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Case Report 





Third-Trimester Fetal Sonography: Meconium Simulating a 


Presacral Mass 


Stephen |. Moreland Ill, Martin |. Cohen,“ George R. Leopold,’ and Barbara B. Gosink’ 


Sonography is frequently used in the evaluation of third- 
trimester pregnancies to determine gestational age or screen 
for abnormalities that could alter management. Increased 
resolution has resulted in improved visualization of normal 
structures, which must be differentiated from pathologic con- 
ditions. We report three cases in which rectal meconium 
simulated a presacral mass. 


Case Report 


A 32-year-old, gravida 2 para 1 woman was referred for sono- 
graphic evaluation late in the third trimester of an uncomplicated 
pregnancy. Sonograms showed a live, term intrauterine gestation. 
Sonographic evaluation of the fetus was unremarkable with the 
exception of a hypoechoic presacral mass measuring 2 x 4.5 cm 
(Figs. 1A and 1B). 

One day later, a 3757-g female neonate was delivered by cesarian 
section. Physical examination was normal. Sonogramis of the neonate 
before passage of meconium again showed presacral lucency, dis- 
tinct from the normal uterus. the rectum could not be identified 
separately from the mass. Digital rectal examination under sono- 
graphic observation confirmed that the mass was within the rectal 
vault. Repeat sonography after passage of meconium showed no 
evidence of a pelvic mass (Fig. 1C). The neonate did well and was 
discharged at 5 days of age. 


Discussion 


We have seen two other cases of rectal meconium (Fig. 2) 
simulating a presacral mass. Both patients presented late in 
the third trimester for sonographic evaluation that showed an 
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apparent presacral mass. Healthy, term neonates were born 
to each patient. 

The presacral space is delineated anteriorly by the rectum, 
posteriorly by the sacrum, inferiorly by the levator ani and 
coccygeal muscles, superiorly by the peritoneal reflection, 
and laterally by the ureters and iliac vessels [1]. A review of 
the literature indicates that a presacral teratoma is the most 
common cause of a mass in this area in infancy. Differential 
diagnosis includes imperforate anus, rectal duplication, der- 
moid tumor, anterior myelomeningocele, lipoma, ependy- 
moma, and sarcoma [2]. Our cases of meconium in the rectal 
vault simulating a presacral mass indicate another diagnostic 
possibility in the term fetus and neonate. 

The appearance of normal fetal bowel has thus far received 
little attention in the literature [3, 4]. During the first half of 
pregnancy, the feta! gut is usually collapsed (except for the 
stomach), and its echo pattern is difficult to distinguish from 
those of the abdominal and pelvic viscera. In the middle 
trimester, small amounts of fluid are commonly visualized in 
the small bowel and colon of the fetus. Late in pregnancy, 
the distal portions of the fetal bowel fill with meconium and 
become visible as hypoechoic tubular structures. This ap- 
pearance is believed to be responsible for the presacral 
pseudomass. 

These cases illustrate the importance of differentiating nor- 
mal rectal meconium from abnormal conditions. In the ab- 
sence of abnormal clinical or physical findings, further evalu- 
ation is unnecessary. Clinical evidence of mass or neurologic 
deficit indicates the need for repeat sonography, preferably 
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Fig. 1.—A and B, Transverse (A) and longitudinal (B) sonograms of fetal pelvis showing 
hypoechoic presacral mass (cursor arrows). 
C, Transverse scan after meconium passage shows disappearance of presacral mass. 


Fig. 2.—Sonogram shows another case of meconium simulating pelvic mass (arrowheads). 
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Temporomandibular Joint: MR 
Imaging of Internal Derangements and 
Postoperative Changes 





Nineteen abnormal temporomandibular joints (TMJs) imaged with high-field-strength 
surface-coil MR are presented to illustrate specific changes associated with disk 
derangement, trauma, and previous surgery. Cases were selected from a series of 248 
TMJ MR studies in 144 patients (9-68 years old, 130 females and 14 males) performed 
during a 5-month period. Surgical findings were available for correlation in 44 of the 248 
joints studied. Increased signal caused by myxoid degeneration within the degenerating 
meniscus was seen, as were pathologic changes including atrophy, fibrosis, and con- 
tracture of masticatory muscles occurring with internal degrangements. Advantages 
and limitations of MR are discussed with reference to arthrography and videofluoros- 
copy. High-resolution and partial-flip-angle images of a normal joint are provided for 
comparison. 

In most clinical circumstances, MR is the procedure of choice when examining the 
TMJ, because it provides contrast resolution of soft-tissue structures superior to that of 
conventional imaging techniques. 


MR is an established technique for diagnosing internal derangements of the 
temporomandibular joint (TMJ) [1-5]. The lack of ionizing radiation and noninvasive 
characteristics of MR make it the examination of choice over arthrography in most 
clinical circumstances. MR provides superior contrast resolution of soft-tissue 
structures as compared with conventional imaging procedures. Our intention is to 
present TMJ alterations imaged with a 1.5-T magnet. We report changes observed 
with trauma and various surgical procedures and describe our early experience 
with partial-flip-angle imaging techniques. 


Materials and Methods 


Two hundred forty-eight TMJ MR studies were performed in 144 patients between January 
2 and May 30, 1987, with a 1.5-T GE imaging system using an 8.9-cm surface coil. The first 
56 joints in the series were imaged with T1-weighted 3-mm-thick contiguous interleaved 
partial-saturation images that had a repetition time (TR) of 500 msec, echo time (TE) of 20 
msec, 256 x 128 matrix with four signal acquisitions, and 12-cm field of view for the closed- 
mouth series and two acquisitions for the open-mouth sequence. The last 192 joints in the 
series were studied with contiguous 3-mm-thick sagittal images that had TR = 500 msec, 
TE = 20 msec, 256 x 256 matrix, and two acquisitions for the closed-mouth series. Open- 
mouth views were obtained with 3-mm images with a 2-mm gap and two acquisitions. Closed- 
and open-mouth examinations required 8 min 35 sec and 4 min 18 sec, respectively. Selected 
cases were examined with the spin-echo technique (TR = 2000 msec, TE = 20/80 msec) if 
inflammatory disease or joint fluid was suspected. Occasionally, nine contiguous interleaved 
3-mm-thick T1-weighted coronal images were obtained through the condyle and pterygoid 
muscles with TR = 500 msec, TE = 20 msec, 256 x 256 matrix, and one acquisition, mostly 
to assess suspected bony and muscular disease. Nine sagittal images were obtained through 
the full width of the condyles after obtaining a short axial localizing sequence (Fig. 1). Most 
patients (all cases reported) were screened with preliminary submentovertex and open- 
mouth, jaw-protruded anteroposterior radiographs of the skull base and closed- and open- 
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Fig. 1.—T1-weighted axial localizing image (TR 
= 400 msec, TE = 20 msec, one acquisition, 10 mm 
thick) prior to sagittal imaging. Patient and condyle 
(thick arrow) are rotated approximately 25° toward 
vertical surface coil to permit direct sagittal imaging 
perpendicular to condylar axis. Condylar orientation 
was predetermined with submentovertex skull radi- 
ograph. Imaging is performed from lateral pole of 
condyle to point beyond medial pole (thin arrows) to 
include lateral pterygoid muscles. 


mouth lateral TMJ tomograms. The base view of the skull was used 
for head positioning relative to the surface coil in an attempt to obtain 
cephalometrically corrected sagittal MR images. Patients with re- 
stricted condylar translation were generally examined in the closed- 
mouth position only, particularly when significant meniscus displace- 
ment and intrinsic derangement was observed. Open-mouth views 
were obtained when only mild abnormalities were seen on closed- 
mouth images. 

The last 52 joints (29 patients) in the series were studied routinely 
with a combination of standard T1-weighted closed-mouth and par- 
tial-flip-angle techniques or GRASS (gradient recalled acquisition in 
the steady state), which allowed for rapid sequential scanning of the 
joint in various stages of opening in as little as 3 sec per image. A 
technique with TR = 21 msec, TE = 12.5, and flip angle of 30° was 
used with a 128 x 256 matrix and 16.5-cm field of view. There was 
no change in patient positioning between standard and partial-flip- 
angle imaging sequences. A midcondyle location was selected for 
the single 5-mm-thick image that this technique yields with each 
imaging sequence. A Burnett TMJ device* was used to regulate the 
degree of mouth opening. Three to 12 sequential images with 3-mm 
opening steps were obtained for dynamic viewing of joints. Partial 
and fully open GRASS images were obtained in conjunction with the 
standard T1-weighted images in most cases. The average examina- 
tion time for a bilateral closed-mouth-only examination was about 30 
min, while bilateral closed- and open-mouth studies required an 
average of 50 min. Nine examinations were terminated because of 
claustrophobia. Six procedures were considered to be technically 
inadequate for diagnosis owing to patient motion. Nine examinations 
were inconclusive owing to limitations of spatial resolution and/or 
unusual anatomy. Arthrography and videofluoroscopy provided con- 
clusive information in five of these nine inconclusive cases. Nine joints 
(nine patients) were also evaluated with dual-compartment arthrog- 
raphy and videofluoroscopy [6]. To date, surgical results are available 
in 44 joints from the series. 








* Medrad, Inc., Pittsburgh. 
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Results and Discussion 


Normal Joint Anatomy 


Normal TMJ anatomy is sharply defined with surface-coil 
MR (Fig. 2) [2-8]. The normal meniscus is biconcave in 
appearance and is located between the articular surfaces of 
the mandibular condyle and temporal bone. The thickest 
portion of the posterior band of the meniscus is usually 
centrally situated on top of the condyle in coronal images. A 
normal meniscus emits a homogeneously low signal. Masti- 
catory muscles and meniscal attachments are demarcated by 
adjacent fat (Figs. 2 and 3). The superior belly of the lateral 
pterygoid muscle attaches to the lateral pterygoid plate an- 
teriorly and to the central and medial aspect of the anterior 
meniscus attachment posteriorly, and asserts traction on the 
normal meniscus during forward movement (translation) of 
the condyle. The inferior belly of the lateral pterygoid muscle 
extends between the inferior aspect of the lateral pterygoid 
plate and the fovea of the condylar neck and pulls the condyle 
forward during contraction. The medial pterygoid, the tem- 
poralis, and the masseter all function in jaw closure. Abnor- 
malities of muscle function may be directly visualized with 
dynamic partial-flip-angle techniques [9]. 

It is important to note that standard T1-weighted open- 
mouth MR views frequently demonstrate a diminished ampli- 
tude of forward condylar translation owing to patient difficulty 
in maintaining a maximum open-mouth position for the time 
required for imaging, regardless of the presence or absence 
of internal derangement. This problem is completely solved 
with partial-flip-angle techniques, in which images are ob- 
tained in as little as 3 sec. T2* characteristics are accentuated 
with the partial-flip-angle technique used in the study. 


Internal Derangements 


Abnormalities of meniscus position and morphology are 
clearly defined with MR (Figs. 3-9). Most internal derange- 
ments involve soft-tissue structures, which may be impossible 
to demonstrate with noninvasive conventional imaging tech- 
niques. Anterior displacement of the meniscus is the most 
common internal derangement affecting the TMJ. With for- 
ward meniscus displacement, the posterior attachment (bi- 
laminar zone) is stretched and may exhibit either attenuation 
or thickening and redundancy (Figs. 5 and 7). Medial or lateral 
displacement commonly accompanies anterior meniscus dis- 
placement and advanced internal derangements. Medial vs 
lateral meniscus displacement can be determined from se- 
quential sagittal images alone if they cover the full width of 
the condyle; however, when there is unusual condylar anat- 
omy, coronal images may be applied (Fig. 6). The combination 
of anterior and medial meniscus displacement is a frequent 
cause of clinical “closed lock.” Thickening and deformity of 
the meniscus may be observed. Perforations of the meniscus 
and attachments may be diagnosed (Figs. 7 and 8). Perfora- 
tion is a common false-positive finding with MR owing to the 
often attenuated appearance of the stretched bilaminar zone 
in cases of chronic anterior displacement. Abnormalities of 
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Fig. 2.—Normal temporomandibular joint in closed (A) and open (B) mouth positions (TR = 500 msec, TE = 20 msec, 256 x 256 matrix, two excitations). 

A, Meniscus (m) has biconcave appearance and uniform low signal intensity. Posterior band (pb) lies above articular surface of condyle (c). Anterior 
band (ab) of meniscus lies in front of condyle, proximal to articular eminence (e). Bilaminar zone or posterior meniscus attachment (arrows) connects 
meniscus to temporal bone behind condyle. Temporalis muscle (T) attached onto coronoid process and medial surface of mandible. 

B, After translation, condyle lies below eminence. Posterior band of meniscus (black arrow) now lies behind condyle. Bilaminar zone (white arrow) is 
redundant owing to limited forward condylar excursion, commonly observed on T1-weighted open-mouth MR images. 

C, Coronal image (TR = 500 msec, TE = 20 msec, 256 x 256 matrix, one acquisition) shows normal meniscus (arrow) centrally located relative to 


articular surface of condyle (c). Note adjacent normal parotid gland (p). 


D and E, Closed (D) and open (E) mouth partial-flip-angle images (same joint as A-C) (TR = 21 msec, TE = 12.5 msec, 30° flip angle, 128 x 256 matrix, 


two acquisitions, 6-sec image, 5 mm thick). 


D, Condyle (c) and eminence (e) exhibit diminished signal intensity (compare with A) owing to T2* effects. Meniscus (m) and temporalis muscle (T) are 


defined less sharply than on T1-weighted images. 


E, Maximal open-mouth view shows greater degree of forward condylar movement compared with B. Meniscus is well defined. 


the lateral pterygoids and other masticatory muscles may be 
observed primarily or in association with various internal 
derangements. Fibrosis and contracture of the superior belly 
of the lateral pterygoid muscle may accompany chronic an- 
terior and medial displacement of the meniscus, particularly 
when there is rupture or perforation of an attenuated posterior 
attachment. This finding is also sometimes observed after 
meniscectomy, with or without prosthetic meniscus implants 
(Fig. 9). Videofluoroscopy and dynamic partial-flip-angle tech- 
niques demonstrate that muscle atrophy frequently accom- 
panies meniscus degeneration and bony deformity. 


Intrinsic Histochemical and Structural Meniscus Alterations 


Intrinsic histochemical changes within the deranged or de- 
generating meniscus may be diagnosed in vivo. Myxoid de- 
generation of meniscus fibrocartilage may result in increased 
Signal intensity within a diseased meniscus, with or without 
displacement, identical to pathologic changes observed within 
the knee (Figs. 3, 4, 8, and 10) [10-14]. High-resolution T1- 
weighted images are needed to diagnose intrinsic meniscus 
lesions, as these changes may not be apparent on T2- 
weighted images, in part owing to decreased spatial resolu- 
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Fig. 3.—Chronic anterior meniscus displace- 
ment with normal pterygoid muscles (image 
through medial pole of condyle), superior belly 
(sb), and inferior belly (ib) of lateral pterygoid 
muscle is well defined. Meniscus (curved arrow) 
is anteriorly and medially displaced (medial dis- 
placement determined by reviewing sequential lat- 
eral to medial images) and shows increased signal 
(compare with Fig. 2A). Medial pterygoid muscle 
(mp) lies deep to temporalis muscle. Note dimin- 
ished signal (straight arrow) from hyperostosis in 
condyle. 





tion. With current technology, the normal disk may appear 
inhomogeneous with 5-mm-thick partial-flip-angle images ow- 
ing to decreased spatial resolution; therefore, thin-section 
high-resolution T1-weighted images are recommended for 
detection of these abnormalities. 


Trauma 


MR may be used to evaluate the traumatized TMJ for 
assessment of the severity of injury and surgical planning. 





Fig. 4.—Anterior meniscus displacement (arrow) with reduction (B) in 29-year-old woman with 2- 
year history of temporomandibular pain and clicking. Note increased meniscus signal (arrow). 


Fig. 5.—Nonreducing chronic meniscus de- 
rangement resulting in clinical closed lock. 

A, Closed-mouth image shows anterior dis- 
placement of meniscus (straight black arrow) with 
stretching of posterior attachment (white arrow), 
which appears attenuated (curved arrow) near me- 
niscus attachment (there was no perforation at 
surgery). Note normal (concentric) condylar posi- 
tioning within glenoid fossa. 

B, Maximal open-mouth view shows nonreduc- 
tion of thickened and deformed meniscus (arrow). 
Note normal meniscus signal intensity despite 
chronic displacement and deformity. 


Traumatic derangement may result in chronic pain and dimin- 
ished condylar translation clinically. Muscle spasm, head- 
aches, bony alterations, muscular contracture, and malocclu- 
sion are known sequelae of fractures involving the condyle 
and condylar neck [15]. TMJ hematomas frequently occur 
with condylar fractures and direct blows to the mandible and 
commonly result in formation of adhesions (Figs. 11-13). 
Adhesions are seen as areas of diminished signal intensities 
on T1-weighted images surrounding or adjacent to the menis- 
cus and condyle, often obliterating the normal fibrofatty tis- 
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Fig. 6.—Medial displacement of meniscus (3- 
mm-thick T1-weighted coronal image, obtained 
with head coil). Posterior band of meniscus (ar- 
rows) is medially displaced on top of condyle 
(c). Parotid gland (P) appears normal. Abnor- 
mality was detected during head examination 
performed to evaluate ipsilateral headache and 
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Fig. 7.—Late-stage internal derangement with 
perforation (surgically proved) of posterior at- 
tachment. Meniscus (open arrow) is displaced 
and deformed. Condyle is deformed, and there 
is an anterior osteophyte (arrowhead). Bilaminar 
zone is attenuated in area of perforation (solid 
arrow). 
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Fig. 8.—Chronic anterior meniscus displace- 
ment (white arrow) with increased signal and per- 
foration (surgically proved) of posterior attach- 
ment. Anterior attachment (curved arrow) is redun- 
dant and thickened. Condyle is posteriorly dis- 
placed within glenoid fossa and contacts temporal 
bone posteriorly (open arrow) at point of perfora- 


facial pain. 


Fig. 9.—Atrophy and fibrosis of superior belly 
(arrows) of lateral pterygoid muscle after menis- 
cectomy and permanent implant placement. Infe- 
rior belly (ib) is normal. 


Fig. 10.—Increased signal intensity (straight ar- 
rows) within normally positioned meniscus (curved 
arrow). Note unusually deep glenoid fossa. Clinical 
symptoms included long-standing headache, fa- 
cial pain, temporomandibular joint clicking, and 
episodic locking. 


sues seen in normal joints [2, 5, 11]. MR is of particular value 
in the evaluation of late, traumatic sequelae, since soft-tissue 
structural alterations often cannot be seen with conventional 
imaging techniques, and arthrography/videofluoroscopy may 
be difficult to perform when adhesions are present. 


Postoperative TMJ 


A number of surgical procedures have been described for 
the correction of internal derangements [15-22]. Simple men- 


tion. Small focus of avascular necrosis (straight 
black arrow) is seen in articular surface of condyle. 





iscectomy and meniscus plication procedures are all com- 
monly performed surgical procedures. Condylectomy and re- 
duction osteotomy of the articular eminence (eminectomy) are 
used less often. A number of different temporary and per- 
manent meniscus implants after disk removal have been and 
continue to be used. MR permits direct evaluation of the 
postoperative joint. Limited skull films and conventional lateral 
tomograms are helpful in conjunction with MR, as it is impor- 
tant to distinguish calcification from hypointense scar tissue. 
This combination generally clarifies the type and extent of 
prior joint manipulation. Submentovertex and posteroanterior 
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Fig. 11.—Subacute temporomandibular joint trauma. 

A, Sagittal closed-mouth image (256 x 128 matrix) shows rotational dislocation of condyle out of glenoid fossa (white arrow) owing to condylar neck 
(cn) fracture. Meniscus (black arrow) is anteriorly and medially displaced by lateral pterygoid contracture. 

B, Axial spin-echo (TR = 2000 msec, TE = 80 msec) image, 5 mm thick, shows fluid (arrow) filling glenoid fossa. 

C, 3-D CT scan shows anteromedial displacement of condyle (c) owing to condylar neck fracture. Glenoid fossa (arrow) is empty. At surgery, performed 
to reduce complete closed lock and reposition condyle, adhesions, fluid, and blood breakdown products were found within glenoid fossa above displaced 


meniscus. 





Fig. 12.—Chronic deformity from old intracap- 
sular fracture of condyle (c). Meniscus (curved 
arrow) exhibits normal signal intensity and is nor- 
mally positioned relative to deformed condyle. 
Posterior attachment (short white arrow) is redun- 
dant and separated from meniscus because of 
large perforation (long white arrow) encountered 
at surgery. Note scarring and fibrosis within me- 
dioposterior aspect of temporalis muscle (T) in- 
sertion (arrowhead). 
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Fig. 13.—Chronic adhesions and dystrophic 
ossification (black arrow) secondary to old 
trauma. Meniscus (open arrows) was found to 
be totally adherent to temporal bone (straight 
arrows) due to extensive adhesions. Soft-tissue 


calcification was present throughout joint space. 
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Fig. 14.—Optimal 12-month postmeniscec- 
tomy temporomandibular joint. Articular cortex 
of temporal bone (straight arrows) is slightly 
thickened but retains its normal sigmoid curva- 
ture. Articular space (arrowheads) is maintained 
by articular-bearing surface cartilage and fibro- 
fatty tissue on this closed-mouth image. Note 
prominent attachment from inferior belly of lat- 
eral pterygoid muscle (curved arrow), shown to 
be noncalcified on conventional lateral tempo- 
romandibular joint tomograms. 


open-mouth, jaw-protruded views of the mandible are also 
helpful, since discrepancies in condylar shape and height may 
be detected as degenerative remodeling consequences of 
chronic internal derangements, trauma, and surgical manipu- 
lation of the joint. 

After meniscectomy, the amputated posterior and anterior 
meniscal attachments are seen at the margins of the articular 


space (Figs. 14 and 15). Typically, some remodeling changes 
result in thickening of the articular surfaces of both the glenoid 
fossa and condyle, both of which may become slightly flat- 
tened. Ideally, the articular space is maintained by bearing 
surface fibrocartilage. Temporary meniscus implants are com- 
monly used after meniscectomy to prevent the formation of 
adhesions. Postoperative bony remodeling changes may be 
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Fig. 15.—Postoperative changes after simple meniscectomy (A) and multiple operations including 


initial permanent prosthesis implantation (B). 


A, Closed-mouth image shows amputated anterior (straight black arrow) and posterior (arrowhead) 
meniscal attachments 42 months after surgery. Joint space (white arrows) is present and articular 
surfaces of condyle and temporal bone (curved arrow) are flattened owing to remodeling. 

B, Advanced degenerative change 18 months after meniscectomy and permanent implant insertion 
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Fig. 16.—Permanent meniscus implant (Pro- 
plast) 6 months after insertion. Hypointense pros- 
thesis (solid arrows) is sharply demarcated from 
adjacent tissues. Note postsurgical changes in 
temporal bone (open arrows), where implant is 
anchored. 


that subsequently required removal because of joint pain and swelling. Cortex of temporal bone 
(white arrows) is thickened and irregular. Large condylar osteophyte (black arrow) is seen anteriorly. 


Surgery was performed again after imaging for lysis of adhesions. 





Fig. 17.—Perforation (long straight arrow) of 
permanent Silastic implant (short straight ar- 
rows) 42 months after insertion. Anterior condy- 
lar osteophyte (curved arrow) lies beneath per- 
foration. Note absence of destructive skeletal 
changes with this implant. 


Fig. 18.—Destructive changes associated 
with permanent meniscus implant (18 months 
after meniscectomy and Proplast prosthesis in- 
sertion). Marked irregularity of condyle (c) is 
noted with decreased signal intensity interpreted 
to represent avascular necrosis. Prosthesis 
(curved arrows) is surrounded by highly vascular 
granulation tissue (straight arrow), removed 
along with prosthesis. Marked irregularity of 


Fig. 19.—Old avascular necrosis and condylar 
deformity in 31-year-old man with history of bilat- 
eral sagittal split mandibular osteotomies and or- 
thognathic manipulation at 25 years of age. Con- 
dyle (straight solid arrow) and condylar neck 
(curved arrow) are deformed and lack normal sig- 
nal intensity. Note displaced meniscus (open ar- 
row) and condylar malposition within glenoid 
fossa. (Changes were bilateral.) 


temporal bone (arrowheads) is noted. 


distinguished from ordinary osteoarthritis by using conven- 
tional tomography alone; however, MR is needed to observe 
adhesions and other soft-tissue structures within the joint [5, 
10, 11]. Relative narrowing of the articular space is often 
observed without functional disturbance after successful 
meniscectomy (Fig. 15A). Irregular articular surfaces and 
adhesions can result from unsuccessful surgery with perma- 


nent meniscus implants (Fig. 15B). In this circumstance, the 
patient may experience pain, crepitus, and limitation of joint 
motion. 

Permanent meniscus prostheses are easily studied with 
MR (Figs. 16-18). Granulation tissue, joint fluid, and adhe- 
sions may be detected. Perforation of an implant can occur 
(Fig. 17). Destructive changes observed with certain perma- 
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Fig. 20.—Standard T1-weighted (A) and 3-sec, partial-flip-angle (B and C) images show nonreducing meniscus derangement. 


A, Meniscus (arrow) is displaced and deformed. 


B and C, Closed- (B) and maximal open- (C) mouth GRASS images (TR = 21 msec, TE = 12.5 msec, 30° flip angle, 256 x 128 matrix, one acquisition, 


3 sec) show nonreduction of displaced meniscus (arrows). 


nent implants may be assessed, along with physiologic alter- 
ations in bony structures (Fig. 18) [23]. Avascular necrosis of 
the condyle and consequent remodeling changes may follow 
jaw trauma or orthognathic and surgical manipulation of the 
TMJ and mandible (Fig. 19). MR signal and morphologic 
changes are similar to those seen in avascular necrosis of the 
femoral head [24-26]. 

Partial-flip-angle imaging techniques permit assessment of 
joint physiology when sequential dynamic imaging techniques 
are employed. With GRASS techniques, any number of se- 
quential images can be obtained at incremental degrees of 
mouth opening in as little time as 3 sec per image (Fig. 20). 
Partial-flip-angle techniques show immense promise for fur- 
ther investigation into functional derangements of the menis- 
cus and muscles of mastication. Videofluoroscopy of the 
injected TMJ provides higher spatial resolution of the menis- 
cus; however, this procedure is invasive; requires considera- 
ble technique, skill, and expertise on the part of the arthrog- 
rapher; and does not allow direct observation of jaw muscu- 
lature. 

MR has limitations. Claustrophobia precludes MR imaging 
of certain patients, while some apprehensive patients may be 
examined successfully after sedation. Older ferromagnetic 
dental appliances may cause image degradation, which may 
on occasion result in inadequate image quality for interpreta- 
tion. Patient motion may significantly degrade image quality; 
however, this problem is minimized when patients are prop- 
erly positioned and secured relative to the surface coil and 
reminded frequently during the procedure not to move. Partial- 
flip-angle techniques dramatically reduce image acquisition 
times and diminish many of the problems related to patient 
motion, although spatial resolution is sacrificed. With the 
advent of routine nonorthogonal imaging capability and thin- 
section three-dimensional volume acquisitions, problems of 
partial-volume averaging caused by unusual joint orientation 
will be diminished. Limited skull films including submentover- 


tex and open-mouth, jaw-protruded anteroposterior projec- 
tions of the skull base and mandible provide useful and 
important information regarding condylar symmetry and ori- 
entation. These data are used during positioning of the patient 
for an MR examination. When limited skull films and high- 
quality closed- and open-mouth lateral tomograms are com- 
bined with surface-coil MR, patients with advanced meniscus 
derangements can be evaluated satisfactorily with closed- 
mouth MR images alone. 

We believe that a symptomatic joint exhibiting meniscus 
displacement, deformity, and intrinsic degeneration is best 
treated with meniscectomy. In advanced cases, a temporary 
Silastic implant is inserted into the joint and removed percu- 
taneously after 4 weeks. The temporary implant prevents 
formation of adhesions in the joint recesses in the early 
postoperative days. The presence or absence of meniscus 
reduction relative to the condyle is less important when de- 
formity and intrinsic alterations accompany anterior displace- 
ment. Such changes are irreversible and often progress to 
perforation and subsequent development of osteoarthritis. 
Meniscectomy performed before perforation both relieves 
bothersome mechanical symptoms and decreases the likeli- 
hood that osteoarthritis will develop. 
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Review 





Pediatric Neurology and Neuroradiology. Cerebral and Cranial Diseases. By Claus Diebler and Olivier Dulac. 


New York: Springer-Verlag, 408 pp., 1987. $165 


This book covers all the important diseases of the child’s brain. 
The text is deftly written and provides concise and succinct informa- 
tion on all the topics described. Personal observations and references 
to the literature abound. Blending of the clinical and pathologic 
aspects of a disease and its imaging counterpart is excellent. The 
section on neuroimaging consists of CT scans almost exclusively. 
The scans are of superb quality and lavishly illustrate the various 
diseases. 

This book contains the following chapters: (1) “Cerebral and Cranial 
Malformation,” (2) “Neurocutaneous Syndromes,” (3) “Inherited Met- 
abolic Diseases,” (4) “Infectious Diseases of the Central Nervous 
System,” (5) “Vascular Disorders,” (6) “Intracranial Tumors,” (7) “Cra- 
nial Trauma,” and (8) “Miscellaneous.” The table of contents is elab- 
orate. 

In my view, the book suffers from two major deficiencies. One is 
the exclusion of descriptions of diseases of the spinal column and 


spinal cord. The second is the absence of MR imaging of brain 
disease (only three MR illustrations are shown). The second problem 
unfortunately eclipses this otherwise outstanding work. | do not agree 
with the authors’ opinion that “magnetic resonance imaging is very 
similar to CT imaging.” Knowledge of the CT appearance of any brain 
disease cannot be transposed that easily to its MR appearance. 

The book as it stands now should adorn the medical school 
libraries. Pediatricians, pediatric neurologists, neurosurgeons, and 
neuroradiologists should find this book especially worthwhile. Train- 
ees in pediatric neurology and neuroradiology should consider it a 
mandatory reading assignment. The cost of the book is so great that 
many readers may find it prohibitive. 
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Syringomyelia as a Consequence 
of Compressive Extramedullary 
Lesions: Postoperative Clinical and 
Radiological Manifestations 





MR imaging was performed to determine the cause of the onset of new neurologic 
symptoms in five patients who had previously undergone surgical excision of extramed- 
ullary masses. Syringomyelia and the absence of recurrent or residual lesions were 
documented in all cases. Three patients showed long cysts (multiseptated in two and 
smooth in one) with low signal intensity on both T1- and T2-weighted images. The flow- 
void phenomenon related to fluid motion in these three cysts, which were enlarging 
clinically, was responsible for the hypointensity on the T2-weighted images. In two 
patients the fluid within the lesions behaved similarly to normal nonpulsatile CSF and 
may have represented syrinx cavities in a state of “arrested growth.” Three patients 
had surgical decompression under real-time intraoperative sonographic control, which 
showed the presence of intramedullary cyst-fluid pulsations in two cases and the 
absence of cyst-fluid pulsations in one case. These sonographic observations correlated 
with the MR findings. 

We postulate that these syrinx cavities form as a result both of the effect that the 
original extramedullary lesion had upon the underlying spinal cord and the subsequent 
postoperative alterations in the CSF dynamics at the level of prior surgery. Syringomyelia 
should be considered in patients with recurrent or new symptoms who previously had 
surgery for extramedullary lesions. 


Syringomyelia presenting synchronously with extramedullary tumors has been 
regarded as rare [1-3], and syringomyelia in patients with prior removal of extra- 
medullary lesions has not been described. Five patients in whom extramedullary 
lesions had been previously removed were examined by MR imaging. The presence 
of long syrinx cavities and the absence of residual or recurrent lesions were 
documented in all cases. Because of this experience, we describe the development 
of syringomyelia after the removal of extramedullary lesions, and postulate a 
mechanism for their formation and enlargement. 


Subjects and Methods 


Five patients ranging in age from 33-61 years (mean, 42 years) were studied. All patients 
had extramedullary lesions that had been removed 5-24 years previously (mean, 16 years), 
and all patients were examined on a 0.5- or 1.5-T superconducting MR imaging system. Thin 
sections (5 mm) in sagittal and axial projections were obtained through the regions of interest. 
T1-weighted images, TR 500-1000/TE 26-38, and T2-weighted images, TR 1500-2000/TE 
80-120. were obtained. Three patients had metrizamide myelography (230 mgl/ml, 10 ml) by 
lumbar puncture followed by 3-hr delayed CT (GE 9800) using 10-mm slice thickness. One 
patient had myelocystography (160 mgl/ml, 3 ml). Three patients had surgery, which was 
monitored with real-time intraoperative sonography using a 7.5-mHz transducer. 
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Case Reports 
Case 1 


A 60-year-old woman presented with a 2-year history of bilateral 
lower extremity weakness and difficulty voiding. Twelve years earlier 
she had similar symptoms and a T7 meningioma was discovered and 
removed. Postoperatively, her weakness improved and her voiding 
difficulty disappeared. On her current examination, increased muscle 
tone and absent vibratory sense in both lower extremities and urinary 
incontinence were present. A T1-weighted MR image showed a low 
signal intensity within a dilated cord (Fig. 1A). This cyst extended 
from T7 to the conus medullaris and was noted to have irregular 
borders and internal septations. A T2-weighted image showed the 
lesion to have similar signal intensity to the adjacent CSF (Fig. 1B). 
No areas suspicious for tumor recurrence were seen. Metrizamide 
myelocystography (Fig. 1C) performed at the T12-L1 level clearly 
showed the multiseptated nature of the lesion (Fig. 1C). Intraoperative 
spinal sonography confirmed the presence of a large, septated, 
nonpulsatile cyst (Fig. 1D). The syrinx cavity was shunted into the 
subarachnoid space, and fluid obtained from the syrinx had an 
increased protein concentration (65 mg/dl). After surgery, the pa- 





Fig. 1.—Case 1. 
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tient's lower extremity weakness improved; however, bladder control 
was not regained. 


Case 2 


Twenty years before her current evaluation, a 61-year-old woman 
experienced bilateral lower extremity weakness. A T4 meningioma 
was found and removed, and she recovered completely. Seventeen 
years later she presented with a new onset of left lower extremity 
weakness and stiffness of the left foot. Reexploration revealed re- 
current meningioma, which was completely removed. The patient 
improved; however, 1 year later she noted lower extremity weakness, 
which progressed over the next 2 years. Physical examination 
showed markedly decreased muscle strength in her left lower extrem- 
ity and decreased position and vibratory sensation in both lower 
extremities. Metrizamide myelography showed a block at T11 and 
delayed metrizamide CT revealed a cord cyst extending from T2 to 
T11. T1- and T2-weighted MR images showed a low-signal lesion 
centrally located within an enlarged cord (Fig. 2A). The lesion ex- 
tended from T1 to T11 and demonstrated some internal areas of 
increased signal intensity suggesting intracystic septations. No re- 


A, Sagittal T1-weighted 0.5-T MR image (1000/26) at level of lower thoracic and upper lumbar 
spine. Note intramedullary cyst (Jong arrows) of low signal expanding the cord and extending from 
level of prior surgery (T7) to conus medullaris (curved arrow). Internal septations (short arrows) 
within syrinx are identified. 

B, Sagittal T2-weighted MR image (2000/120) with a larger field of view than A shows lesion to 
be of increased signal intensity (arrows). 

C, Intracystic metrizamide injection (3 ml, 160 mg/ml) shows the multiseptated nature of this 
intramedullary mass (arrows). Note that cyst extends inferiorly to level of conus (arrowheads). 

D, Sagittal intraoperative spinal sonogram shows cystic nature of intramedullary mass. Lower end 
of syrinx just above tip of conus is seen, and an intracystic scar is identified (arrow). Real-time 
evaluation showed lack of significant cyst pulsation. 
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Fig. 2.—Case 2. 

A, Upper portion of syrinx cavity (arrows) is 
seen on this sagittal T2-weighted 0.5-T MR im- 
age (1500/80). The lesion is of low signal inten- 
sity and was of similar intensity to that found on 
T1-weighted image. 

B, Transverse intraoperative spinal sonogram 
at T4 level. A linear area of increased echogen- 
icity (arrow) represents intracystic scar. Real- 
time evaluation showed marked fluid pulsations 
within cyst. 


A 


Fig. 3.—Case 3. 
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C 


A, Sagittal T1-weighted 0.5-T MR image (500/38) shows multiseptated syrinx cavity of low signal intensity (arrows) extending from upper cervical 


region to T4. 


B, Sagittal T2-weighted MR image (2000/60) of upper cervical spine and head shows low signal intensity of cyst cavity (arrows). 
C, Transverse intraoperative spinal sonogram at level of C7 confirmed presence of syrinx cavity containing multiple scars (arrows). Real-time evaluation 


revealed cyst pulsations. 


current tumor was seen. Intraoperative spinal sonography (Fig. 2B) 
confirmed the presence of a multiseptated pulsatile cyst cavity. A 
syrinx to subarachnoid space shunt was performed. The fluid ob- 
tained from the syrinx cavity had an elevated protein (161 mg/dl). 
Moderate improvement of strength and sensation was noted post- 
operatively. 


Case 3 


A 42-year-old man presented with a history of right upper extremity 
pain, right lower extremity pain and weakness, sphincter dysfunction, 
and impotence that had progressed over the last 4 years. Twenty- 
four years earlier he had progressive right-sided weakness and right 
lower extremity numbness and spasticity. A T4 meningioma was 
resected. Postoperatively, his symptoms improved. The present 
physical examination showed increased muscle tone in the right lower 
extremity, a right Babinski, and areflexia of both upper extremities. 

Decreased anal sphincter tone and urinary incontinence were also 
noted. Metrizamide myelography showed diffuse widening of the 


cervical spinal cord. On MR, the T1-weighted image showed a low- 
signal lesion extending from C2 to T4 with irregular borders and 
multiple areas of increased signal intensity within the lesion (Fig. 3A). 
The T2-weighted image showed the lesion to be of decreasec signal 
intensity as compared with the adjacent CSF, and multiple septations 
were seen (Fig. 3B). No residual or recurrent tumor was noted. 
Intraoperative spinal sonography confirmed the presence of a pulsa- 
tile cystic lesion containing multiple scars (Fig. 3C). A syrinx to 
subarachnoid space shunt was placed. Analysis of the syrinx fluid 
revealed increased protein content (40 mg/dl). Postoperatively, the 
patient experienced relief of his symptoms in both upper extremities 
and regained some sphincter control. 


Case 4 


A 41-year-old man presented with a 2-year history of paresthesias 
and progressive weakness of both lower extremities, and wasting of 
the muscles of the right lower extremity. Twenty years previously he 
had presented with right-sided intercostal pain and weakness and 
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numbness of the right foot. A neurilemmoma at the T7-T8 level was 
resected. Postoperatively, the intercostal pain receded but the symp- 
toms in the right foot persisted. The present physical examination 
revealed weakness of the entire right lower extremity. On MR, a long, 
narrow syrinx that was hypointense on T1- and T2-weighted images, 
and that extended from T1-T6, was identified. This cystic cavity had 
smooth borders and was centrally located within a nonexpanded 
spinal cord (Fig. 4). No tumor recurrence was noted. Because the 
cord was not expanded on MR, no surgery was performed and the 
patient is being followed clinically. 


Case 5 


A 33-year-old man was evaluated 5 years earlier for progressive 
pain and weakness in both upper extremities and the right lower 
extremity. Physical examination at that time revealed muscle atrophy 
of the right upper extremities and bilateral Babinski signs. Metriza- 
mide myelography and delayed metrizamide CT showed compression 
of the spinal cord at C4—C5 by a calcified disk. There was no evidence 
of metrizamide accumulation within the cord. A diskectomy, anterior 
decompression, and anterior cervical fusion from C3 to C5 were 
performed. Postoperatively, the patient experienced remission of his 
symptoms with the exception of mild pain in the right upper and lower 
extremities. At present evaluation, the patient complained of inter- 
scapular pain radiating to the right upper and lower extremities of 6 
months’ duration. Sagittal and axial MR was performed and showed 
a low-signal lesion on the T1-weighted image extending from the 
level of C1 to C6 (Fig. 5A). The lesion had smooth borders and was 
centrally located within the spinal cord. The T2-weighted image 
showed the lesion to be of increased signal intensity, similar to the 
surrounding CSF (Fig. 5B). Because of the MR findings and the 
Clinically stable symptoms, the patient is being managed conserva- 
tively at this time. 


Discussion 


The most important clinical consideration in patients who 
have previously been operated on for extramedullary spinal 
lesions and who present with reappearance or worsening of 
symptoms is a recurrence of the original lesion. The possibility 
of secondary syringomyelia must, however, be considered in 
the differential diagnosis. Syringomyelia coexisting with extra- 
medullary tumors has been reported in only 13 cases [1-3], 
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and to our knowledge, no cases have been described in which 
syringomyelia was found in patients who had prior removal 
of extramedullary lesions. We have recently encountered five 
such patients. 

Several mechanisms can be postulated to explain the for- 
mation of syringomyelia under conditions that bear some 
similarities to our cases. Ischemia of the cord with secondary 
degeneration of the gray matter [4, 5] or filling of an ob- 
structed central canal by CSF that is extrachoroidally pro- 
duced [3] are two proposed mechanisms. A more recent 
hypothesis states that long-standing compression of the cord 
due to the presence of an extramedullary mass may lead to 
neuroglial damage, which is manifested by enlargement of 
the extracellular perivascular spaces. The removal of such an 
extramedullary lesion will not reverse the damage the spinal 
cord has already sustained nor will the microcystic areas 
within the cord disappear as a result of the surgery. The 
formation of multiple subarachnoid adhesions at the level of 
previous surgery may funnel CSF pulsations toward the area 
of the damaged cord where microcystic changes have oc- 
curred. This situation, in association with focally enlarged 
Virchow Robin spaces, can lead to the entry of abnormal 
amounts of CSF into the cord [1]. Over a period of time, the 
water-hammer effect of these focused CSF pulsations can 
cause these microcysts to enlarge [1]. This mechanism can 
explain the formation of long cystic cavities that are either 
Caudal (case 1), rostral (cases 3 and 4), or caudal and rostral 
(cases 2 and 5) to the initial lesion. 

The long symptom-free period experienced by our patients 
makes it unlikely that large and/or expanding syrinx cavities 
were present at the time of initial diagnosis. The exact time 
required for this type of syringomyelia to form and manifest 
itself is difficult to estimate, but given the proposed theory of 
formation and propagation, months to years are probably 
required, similar to that seen in the traumatically injured spinal 
cord [6]. The pathologic mechanisms that might lead to the 
formation of this type of syringomyelia are illustrated in Fig- 
ure 6. 

In our cases, MR was able to demonstrate the intramedul- 
lary cysts and to suggest their dynamic state. In three of our 
patients (cases 2, 3, and 4) the T2-weighted images demon- 


Fig. 4.—Case 4. 

A, Sagittal T1-weighted 1.5-T MR image 
(1000/26) shows low-signal central syrinx cavity 
extending from level of T1 to T6 (arrows). 

B, Sagittal T2-weighted MR image (2000/80) 
shows continued low signal intensity within syr- 
inx cavity. 


AJR:150, FEBRUARY 1988 


Fig. 5.—Case 5. 

A, Sagittal T1-weighted 0.5-T MR image 
(1000/26) of cervical spine shows low signal 
syrinx cavity extending from C1 to C6 (thin ar- 
rows) and probably another short intramedullary 
cyst at the T1-T2 level (thick arrows in A and B). 
The cord is not dilated. 

B, Sagittal T2-weighted MR image (2000/ 120) 
shows upper cystic lesion to be of increased 
signal intensity. Since neither cardiac gating nor 
extra gradients were used to suppress motion 
artifacts, we cannot be sure that the hypointen- 
sity at T1-T2 does not represent flow artifacts. 


A 


strated long, hypointense syrinx cavities, the appearance of 
which we believe were secondary to intracystic fluid motion 
and turbulence. A similar phenomenon has been demon- 
strated at narrow CSF pathways (foramina of Monro, aque- 
duct of Sylvius, and foramen of Magendie), where relatively 
fast pulsatile CSF motion occurs [7, 8]. This flow-void phe- 
nomenon is most likely caused by spin phase shifts and time- 
of-flight effects [9-11]. Although ours is the first study to 
report a correlation between the CSF motion as suggested 
by MR and subsequently shown with intraoperative spinal 
sonography, a recent presentation indicates that pulsatile fluid 
in cyst cavities can be identified and differentiated from mye- 
lomalacia by virtue of its signal augmentation when imaged 
by gradient echoes [12]. In the three patients who had sur- 
gery, fluid analysis from the syrinx cavities revealed increased 
protein content. Although such chemical changes can play a 
role in the MR signal characteristics [13], there was no 
correlation between the protein content and the MR signal in 
the three patients whose cyst fluid was analyzed. The expla- 
nation for this is that the MR signal of such fluid depends far 
more on its dynamic state (i.e., fluid pulsation and turbulence) 
than on the composition of the fluid. 

The presence of pulsatile and nonpulsatile cystic cavities 
coexisting has been observed [14]. It may be that where 
there is an absence of the flow-void phenomenon, restriction 
of fluid motion by multiple intracystic septations is present. In 
three of our cases the multiseptated nature of the syrinx 
cavities was documented by intraoperative spinal sonography 
(Figs. 1D, 2B, 3C). These intracystic septations represent 
fibroglial remnants [12] of the spinal cord that probably are 
segments of neural tissue that were resistant to complete 
destruction caused by the enlarging syrinx. As these sepa- 
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rated compartments develop communications with each 
other, greater fluid motion may then be allowed, resulting in 
the flow-void phenomenon within the cyst cavities and pro- 
moting their enlargement. Since two of our patients (cases 2 
and 3) with multiseptated lesions manifested intrasyrinx flow- 
void phenomenon, the size of the openings between these 
cavities may be an important factor in determining the pres- 
ence or absence of this occurrence. We believe that both 
multiloculated and uniloculated lesions have a potential for 
growth that depends on the dynamic state of the fluid in the 
cyst and the size of the connections between loculations, 
when they exist. The preoperative identification of these 
fibroglial remnants is important, because it may indicate to 
the surgeon the need to lyse the septa in order to create a 
single cavity suitable for shunt catheter placement. With MR, 
it is possible that because of the thickness of each slice, 
septa that appear to be complete may actually be incomplete 
at surgery. 

Given this theory of cord compression and subsequent 
postoperative syrinx formation, one might think that this 
situation would be seen more often in patients operated on 
for chronic compressive extradural lesions, such as a her- 
niated disk. In our limited series, however, we report only one 
such patient (case 5), leading us to speculate that in extradural 
lesions, the presence of an intact dura may offer some pro- 
tection to the spina! cord, which is not present in cases of 
intradural masses (cases 1-4). 

As MR becomes more widespread and is used for the 
evaluation of patients previously operated on for extramed- 
ullary masses, the presence of secondary syringomyelia will 
become increasingly recognized. In these situations, we sug- 
gest that syrinx cavities that are hypointense on T2-weighted 
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Fig. 6.—Diagrammatic representation of the events that are postulated to lead to the postoperative formation of syringomyelia after the removal of 
extramedullary lesions. 

A, Drawing showing a coronal section through cervical spine. Extramedullary mass to left of cord is shown with intramedullary edema and microcystic 
changes (shaded area) due to long-standing compression of cord. 

B, Sagittal view of postoperative cervical spine seen after total extramedullary tumor removal. The cord remains deformed and small cysts are present 
secondary to coalescence of microcystic changes. 

C, Diagram of late postoperative period. The multiple small cysts have joined and formed large, irregular cavities with multiple septations. Multiple 
adhesions within subarachnoid space, which form at level of prior surgery and may be responsible for directing pulsatile forces to the cord, are not shown 
in this illustration. The transmitted pulsations can create intracystic flud turbulence (arrows in inset), causing expansion of cyst both rostrally and caudally. 
During periods of active syrinx expansion, this turbulence may manifest as a flow void on T2-weighted images (see text). 
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Comparison of MR and CT 
Myelography in Imaging the 
Cervical and Thoracic Spine 





MR imaging and CT myelography were compared in a retrospective study of 38 
patients with suspected lesions of the cervical and thoracic spinal canal and cord. 
Twenty-eight abnormal cases were found, including spondylosis (9), tumors (8), intra- 
medullary cavities (3), arachnoiditis (3), disk-space-centered infection or osteomyelitis 
(2), nonneoplastic cord swelling (2), and CSF-borne metastasis (1). 

MR was equal or superior to CT myelography in depicting cases of cord enlargement, 
cord compression, and cord atrophy, providing better tissue characterization, no shoul- 
der artifact, and no limitation caused by CSF block. CT myelography was superior to MR 
in depicting cases of spondylosis and arachnoiditis. It showed superior spatial resolution, 
which was most pronounced when comparing axial images and hence particularly 
superior in detecting the lateral extent of disk herniation. Use of surface coils and thin 
imaging sections is essential for accurate and complete MR evaluation of the cervical 
and thoracic spine. 


CT has been accepted as an effective imaging technique for evaluating the spine. 
Its use, however, is limited in the cervical and thoracic spine because of the lack 
of epidural fat in this region. CT myelography performed after intrathecal introduc- 
tion of water-soluble contrast material improves the contrast sensitivity of CT, but 
it is invasive and has known side effects [1-7]. 

Numerous reports have described the potential of MR as a valuable method of 
imaging the spine, and have compared MR with CT and CT myelography [8-15]. 
To help determine the role of MR in the evaluation of the cervical and thoracic 
spine, a comparative study of MR and high-resolution CT myelography was 


| performed. 


Materials and Methods 


We retrospectively reviewed 38 patients with suspected lesions of the cervical or thoracic 
spine who underwent both MR and CT myelography. No effort was made to conceal the 
diagnoses from the reviewers. The patients ranged in age from 1-75 years; 18 were males 
and 20 were females. In 10 cases no abnormality was found by either imaging technique. 
The 28 abnormal findings included nine cases of spondylosis, eight neoplasms, three cases 
of arachnoiditis, three intramedullary cavities, two cases of disk-space infection, two cases 
of nonneoplastic cord swelling, and one case of CSF-borne metastases. Seventeen cases 
involved the cervical and 11 involved the thoracic spine. 

Surgical or pathologic proof was available in 16 abnormal cases, and clinical and radi- 
ographic evidence was available in the remaining 12. 

MR was performed with a Siemens Magnetom 0.5-T (initially operating at 0.35 T) or 1.5-T 
unit. Spin echo (SE) sequences were used yielding three images of the same anatomic level: 
a T1-weighted image (TR 300 or 500 msec, TE 30 msec), a spin-density-weighted image (TR 
1500 or 1800 msec, TE 30 msec), and a T2-weighted image (TR 1500 or 1800 msec, TE 
120 msec). A body coil was used in seven cases, a head coil was used in nine cases, and a 
surface coil was used in 12 cases. Slice thickness was 5 mm for all surface-coil images 
except one case, in which a 10-mm thickness was used. Ten-millimeter sections were used 


398 KARNAZE ET AL. 


for all head- and body-coil images except one case, in which the head 
coil and 5-mm sections were used. Sagittal images were obtained in 
all Cases, axial images in 18, and coronal images in five. Images were 
processed on a 256 x 256 matrix corresponding to 1.2-mm? pixel 
size in all examinations. 

CT images were obtained after myelography with water-soluble 
contrast material on a third-generation scanner*, using 2.0-mm axial 
scans. Delayed CT scanning 8-24 hr after initial examination was 
performed in four cases. 

In the 38 cases, 43 final radiologic diagnoses were made and 
these were divided into six categories: normal (10), cord swelling 
(eight), cord atrophy (seven), cord compression (10), extradural le- 
sions without cord compression (five), and arachnoiditis (three). Five 
of the 28 abnormal cases were included in two different radiologic 
categories, yielding 33 total abnormal final diagnoses. CT scans and 
MR images were compared to evaluate the ability of each imaging 
technique to detect the abnormality and to determine its cause. 
Reasons for failure or superiority of MR compared with CT myelo- 
graphy were noted. 


Results 


In the 10 normal cases, MR and CT myelography were 
equivalent in depicting the normal cord and surrounding CSF 
space. In the remaining 33 radiologic diagnoses, MR was 
superior to CT myelography in nine instances, equivalent in 
13, and inferior in 11. Results are summarized in Tables 1-4. 
The remaining five radiologic diagnoses will be discussed 
separately. 


Cord Enlargement 


In all eight cases, cord enlargement (Table 1) was detected 
equally well by MR and CT myelography. However, MR was 
Superior to CT myelography in determining the cause of the 
abnormality in three cases. In one case of hematomyelia (Fig. 
1), CT myelography showed nonspecific cord enlargement 
while MR showed increased signal of the lesion on the T1- 
and T2-weighted images. The chemical-shift-imaging tech- 
nique [16] was employed and showed this to be due to 
hemorrhage, not to fat. MR was superior in another case of 
an intramedullary cord cyst at the level of T2, in which MR 
showed the cavity, which was not seen with delayed CT 
myelography because of shoulder artifacts. The third case in 
which MR was superior was one of ependymoma of the 
cervical cord. CT myelography showed low-density enlarge- 
ment of the cord. MR showed both the soft-tissue and fluid 
components of the lesion, confirming that it was a tumor and 
not a congenital hydromyelia. In no case of cord enlargement 
was CT myelography superior to MR. 


Cord Atrophy 


In seven cases of cord atrophy (Table 2) MR was equal to 
CT myelography in detecting the abnormally small cord in 
three cases and inferior to CT myelography in four cases. In 
one of these four cases, MR using surface coil and 5-mm 
sections showed the atrophic cord but failed to detect a 2- 








* Siemens Somatom 2, DR3 or DRH. 
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TABLE 1: Cord Swelling 


SE SS Se a ee i eee ee 
Ciia MR MR (Compared 





Age Gender Diagnosis , with CT 
No. Coil Myelography) 
T. T9 F Ependymoma*® Surface Superior 
e ° ae M Thoracic cord cyst Surface Superior 
3 4 M Cord hemorrhage? Head Superior 
4 16 M Radiation myelitis Head Equivalent 
5 4 F Intradural CSF me- Head Equivalent 
tastasis 
6 35 F Myelitis® Head Equivalent 
7 2 F Glioma? Body Equivalent 
8 8 F Intramedullary tumor Body Equivalent 


* Histologically confirmed. 


TABLE 2: Cord Atrophy 


MR MR (Compared 








Age Gender Etiology with CT 

No. Coil Myelography) 

9 26 M Cord cavity Surface Inferior 
10 40 F Surgery Surface Equivalent 
11 62 F Surgery Surface Equivalent 
12 42 M Trauma Head Equivalent 
13 34 F Unknown Body Inferior 
14 53 M Cavity? Body Inferior 
15 38 F Unknown Body Inferior 


* Histologically confirmed. 


TABLE 3: Cord Compression 











MR 
| Age Gender Diagnosis aa ee 
Myelography) 
16 71 F = Meningioma Surface Superior 
17 48 M Herniated cervical disk* Surface Superior 
18 33 M Herniated cervical disk? Surface Inferior 
19 51 F Herniated thoracic disk Surface Superior 
20 39 M — Meningioma? Surface Superior 
21 73 M Extruded disk fragment Head Superior 
22 66 M Cervical subluxation? Head Inferior 
23 41 F Intradural metastasis Head Equivalent 
24 44 M Vertebral osteomyelitis? Body Equivalent 
29 51 M = Schwannoma’ Body Inferior 


* Histologically confirmed. 


TABLE 4: Extradural Lesions Without Cord Compression 





MR (Compared 
Case Age Gender Diagnosis MR with CT 
No. Coil 
a er ____Myelography) . 
26 66 F Diskspace infection? Surface Superior 
27 39 M Cervical disk hernia- Surface Inferior 
tion? 
28 47 M Cervical bony bars? Head Inferior 
29 52 F Cervical disk bulge Head Equivalent 
30 50 M Cervical bony bars Body Equivalent 


Se a ES SS 
* Histologically confirmed. 
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Fig. 1.—Hematomyelia. 

A, CT myelogram shows focal nonspecific 
cord enlargement (arrow). 

B, Proton-density-weighted MR image shows 
high signal from hemorrhage. High signal was 
also present on T1-and T2-weighted images (not 
shown). 





A 


Fig. 2.—Cord atrophy with small cavity. 
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A, CT myelogram shows atrophic cord and 2-mm contrast-filled cavity in left side of cord. 
B, Series of contiguous T1-weighted MR images shows atrophy but fails to demonstrate cavity. 
C, Axial T1-weighted MR image shows poor spatial resolution and is much less informative than CT myelogram (see A). 


mm associated cavity, which was 3 cm in length and was 
seen on delayed CT scans (Fig. 2). In the other three cases 
in which MR was inferior, slice thickness was 10 mm and 
body coil was used, resulting in low spatial resolution. These 
three cases included a case of atrophy with associated cord 
arteriovenous malformation, a posttraumatic cavity, and atro- 
phy associated with arachnoiditis. In no case of cord atrophy 
was MR superior to CT myelography. 


Cord Compression 


In 10 cases of cord compression (Table 3) MR was superior 
to CT myelography in five cases, equivalent in two cases, and 
inferior in three cases. In two of the three cases in which MR 
was inferior (a cervical intradural schwannoma and a cervical 
disk herniation), slice thickness was 10 mm and surface coil 
was not used. In the third case, a herniated cervical disk, CT 
myelography showed the lateral extent of disk herniation 


better than MR did, and although surface-coil imaging and 5- 
mm sections were used, neither axial nor interdigitated im- 
ages were obtained. Of the five cases in which MR was 
superior, two cases (a cervical disk herniation and a case of 
a presumed extruded disk fragment) showed serious degra- 
dation of the CT myelography images by shoulder artifacts. 
In a third case (of presumed thoracic disk herniation), MR 
allowed better differentiation of the compressed cord, nar- 
rowed CSF space, and thoracic disk than CT myelography 
did (Fig. 3). In the remaining two cases (meningiomas of the 
thoracic spine), CT myelography showed only the inferior 
margin of the lesion because of CSF block. No attempts were 
made to position water-soluble contrast material above the 
lesion. MR in these two cases showed the upper border and 
true size of the lesion and its interface with the cord (Fig. 4). 
In addition, both these lesions demonstrated a low signal 
intensity on the T2-weighted image, a feature previously 
reported in intracranial meningiomas [17]. 
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Fig. 3.—Presumed thoracic disk herniation. 

A, CT myelogram at level of T11-T12 shows 
soft-tissue density anterior to cord. Differentiat- 
ing cord from disk is difficult. 

B, Sagittal proton-density-weighted MR im- 
age shows cord displaced posteriorly at level of 
disk space. Cord is well differentiated from disk. 











D | E 


Extradural Lesions Without Cord Compression 


In five cases of extradural lesions without cord compression 
(Table 4), MR was superior to CT myelography in one case, 
equivalent in two cases, and inferior in two cases. MR was 
superior in a case of disk-space-centered infection by showing 





Fig. 4.—Meningioma. 

A, CT myelogram at level of lesion shows 
small amount of contrast material to right of cord 
and small amount of air dorsally. 

B, CT myelogram 6 mm below A shows cord 
outlined by contrast material and air. 

C, 15 mm below A, normal cord and sub- 
arachnoid space are well outlined. 

D, T1-weighted MR image shows extrame- 
dullary lesion adjacent to dorsal aspect of cord 
(arrow). 

E, The meningioma, with signal intensity less 
than CSF on this T2-weighted MR image, is out- 
lined by the high signal of CSF (arrowheads). 


decreased signal in the disk space and adjacent vertebral 
bodies on the T1-weighted images secondary to infection 
(Fig. 5). Both MR and CT myelography showed the paraver- 
tebral mass and the mild extradural encroachment on the 
anterior aspect of the subarachnoid and epidural spaces. The 
changes in the vertebral body were not convincing on CT 
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Fig. 5.—Disk-space-centered infection. 

A, CT myelogram shows paravertebral mass 
and extradural soft-tissue density ventral to cord 
causing narrowing of subarachnoid space (ar- 
row). Vertebral body shows mild focal loss of 
bone density ventrally. 

B, Sagittal T1-weighted MR image demon- 
strates abnormally decreased signal from two 
adjacent vertebral bodies and some loss of sig- 
nal from disk space. Extradural extension ventral 
to cord is also seen (arrow). 





A 


Fig. 6.—Cervical disk herniation. 
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A, Axial CT myelogram shows soft-tissue density anterior and lateral to cord with narrowing of subarachnoid space (arrow). 


B, Sagittal T1-weighted MR image shows bulging of C6-C7 disk (arrow). 


C, Axial T1-weighted MR image fails to show lateral extent of disk as well as CT did. 


myelography. On MR, however, the vertebral body changes 
were clearly demonstrated and the nature of the process was 
defined as bone-centered. The clinical management was 
planned accordingly. In one case of osteophytes indenting 
the subarachnoid space and the intervertebral foramina in the 
cervical spine, MR was inferior to CT myelography. The case 
was imaged with a head coil and 10-mm sections. However, 
in another case in which a surface coil and 5-mm sections 
were employed, CT myelography was superior to MR be- 
Cause superior spatial resolution allowed CT to show the 
lateral extent of a cervical disk herniation better than MR did 
(Fig. 6). 


Arachnoiditis 


In three cases of arachnoiditis, MR was equivalent to CT 
myelography in one case and inferior in two cases. In one of 


the cases in which MR was inferior, MR did provide comple- 
mentary information by showing no lesion at a site of CSF 
block on CT myelography. Although MR alone would have 
missed the diagnosis, lack of abnormal signal from the site of 
the CSF block indicated arachnoid adhesions and not a mass 
as the cause of the block on CT myelography. In this case 
and in one other case, MR did not show arachnoid adhesions 
or multiple loculated pockets of CSF that were evident on CT 
myelography. 


Coil Selection 


The importance of surface-coil imaging in evaluating the 
cervical and thoracic spine is demonstrated in Table 5. Re- 
gardless of the diagnostic category, a surface coil was used 
in 14 cases, of which MR was superior to CT myelography in 
seven, equivalent in three, and inferior in four. On the other 
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TABLE 5: Value of Surface-Coil Imaging 


OS SSS SSE ar Se es eet ot es SE £ tee ee 2 ee 
Comparison of MR and CT 














No. of Myelography 
Cases 
MR MR 
Superior Equal Inferior 
Surface coil 14 T 3 4 
Nonsurface coil 19 2 10 7 
Total 33 9 13 11 


TABLE 6: Advantages of MR over CT Myelography in 11 Cases 


Tissue specificity (n = 6) 
Hematomyelia 
Cervical ependymoma 
Thoracic disk herniation 
Disk-space-centered infection 
Meningioma (n = 2) 

Lack of shoulder artifact (n = 3) 
Cervical disk herniation 
Thoracic cord cavity 
Presumed extruded disk fragment 

No limitation from CSF block (n = 2) 
Meningioma 

SS a ES 


hand, in the 19 cases in which a surface coil was not used, 
MR was superior in only two cases, equivalent in 10, and 
inferior in seven. 


Discussion 


MR compares favorably with CT myelography in cases of 
cord swelling and those of cord atrophy and compression if 
a surface coil and thin sections are used. Advantages of MR 
include tissue characterization, lack of shoulder artifact, and 
complete delineation of the lesion in spite of CSF block (Table 
6). The contribution of tissue characterization was significant 
in six of our 33 abnormal diagnoses. Cord hemorrhage (Fig. 
1) was characterized by a relative signal increase on both T1- 
and T2-weighted images. Although fat-containing tumors 
could have a similar appearance on T1-weighted images, a 
chemical-shift technique [16] can be used to distinguish the 
two conditions. Disk-space-centered infection (Fig. 5) was 
characterized by low signal from the disk space and adjacent 
vertebral bodies on T1-weighted images, an appearance pre- 
viously described [18]. In the case of the presumed thoracic 
disk herniation (Fig. 3), MR differentiated cord, vertebral body, 
and disk. Because of the lack of difference in density between 
the cord and disk and the lack of contrast material anteriorly 
and posteriorly at the level of the lesion, CT myelography did 
not identify clearly the cord-disk interface. The diagnosis of 
disk herniation was therefore not made before MR was per- 
formed. MR also detected the solid component of a cervical 
ependymoma by a signal intensity pattern different from pa- 
renchyma and CSF. CT myelography could not differentiate 
a cystic tumor from a syrinx. In two additional cases of 
thoracic meningioma, the relatively low signal of the lesion on 
the T2-weighted image suggested the diagnosis, as these 


AJR:150, FEBRUARY 1988 


signal characteristics have been noted in intracranial menin- 
giomas [17]. 

Degradation of CT images is common in the lower cervical 
region and at the cervical thoracic junction. This is caused by 
the sudden increase in X-ray attenuation at the level of the 
shoulders. This takes the form of dense, dark streaks across 
the images [19]. The degradation often results in total loss of 
the diagnostic image at that level. No such degradation is 
known in MR, and signal intensity is not attenuated by sur- 
rounding tissues. Imaging by MR is far superior than by CT 
myelography in this region, as was shown in three cases in 
Our series. 

Another limitation of CT myelography is seen in cases in 
which a space-occupying lesion causes block to CSF flow. 
The contrast material is stopped by the lesion and outlines 
the lower border of the lesion only. To determine the full 
extent of the lesion and outline its upper border, contrast 
material may be introduced by high cervical puncture. Alter- 
natively, the contrast material that has been stopped below 
the site of the block may be forced to cross the block using 
a “squeeze” technique [20]. Neither of these techniques was 
used in our series. High cervical puncture adds to the inva- 
siveness of the procedure. The squeeze technique is report- 
edly without risk; however, its potential added risk cannot be 
evaluated until a large series is reported. MR provides com- 
plete imaging of the lesion noninvasively. 

Although MR was equal or superior to CT myelography in 
cord enlargement regardless of the coil used, cases of cord 
compression and atrophy demonstrate the need for surface 
coils in examining the spine (see Tables 2 and 3). Eight cases 
of cord compression and atrophy were examined with surface 
coils. MR was superior to CT myelography in four and equiv- 
alent in two. On the other hand, MR was inferior in five and 
equivalent in three of nine cases with the same diagnoses 
examined without surface coils. 

MR failed in 11 of our cases. However, in eight of these 
cases the MR technique was suboptimal. The slice thickness 
was 10 mm and the surface coil was not used early in our 
experience with the method. There remain three cases in 
which the proper technique was used. Analysis of these three 
cases attributed the failure of MR to low spatial resolution, 
particularly in axial images. For this reason, CT myelography 
showed to a better advantage a 2-mm cervical cord cavity 
(Fig. 2). The added high-contrast discrimination caused by 
entry of contrast material into the cavity enhanced the spatial 
resolution. For the same reason, the lateral extent of herniated 
cervical disk was not demonstrated by MR (Fig. 6), and small 
CSF pockets outlined by arachnoid adhesions were also 
missed by MR but well shown by CT myelography. However, 
the absence of abnormal findings on MR in cases of arach- 
noiditis is not without diagnostic value. Indeed, deformity of 
the contrast column on myelography and CT myelography 
may mimic the presence of intradural or extradural lesions. 
The possibility of such lesions can easily be excluded by the 
normal appearance on MR images, as shown in one of three 
cases of arachnoiditis in our series. 

The poor quality of axial images as compared with sagittal 
images on MR limits the usefulness of this technique in 
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evaluating lateral lesions. Furthermore, sagittal images are 
difficult to interpret in cases of scoliosis. 

Our results suggest that MR can serve as the primary 
imaging tool in evaluation of the cervical and thoracic spine. 
lf a surface coil is used, MR is equivalent or superior to CT 
myelography in cases of cord swelling, cord atrophy, and 
cord compression. CT myelography, however, appears equal 
or superior to MR in cases of spondylosis and arachnoiditis. 
It will likely remain so until improved axial images can be 
generated with MR. Although not addressed in this study, 
plain CT of the cervical and thoracic spine could perhaps 
adequately complement MR in showing bony detail and inter- 
vertebral foramina, thus significantly decreasing the need for 
myelography. 


Conclusions 


MR was equal or superior to CT myelography in our study 
in categories of cord swelling, cord atrophy, and cord 
compression. It provided additional information in six of 33 
cases because of improved tissue characterization, in three 
cases because of lack of shoulder artifact, and in two cases 
with CSF block. CT myelography offers superior spatial res- 
olution, which was important in four cases. CT was equivalent 
or superior to MR in cases of spondylosis and arachnoiditis. 
Surface-coil imaging and thin sections are essential if MR is 
to be used to evaluate the cervical and thoracic spine. 
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Normal Anatomy for Multiplanar Imaging. Vol. 1: Head, Neck, and Spine; Vol. 2: The Trunk and Extremities. By 
Bharat Raval, Joel W. Yeakley, and John H. Harris, Jr. Baltimore: Williams & Wilkins, 199 pp., 1987. $125 


This two-volume atlas correlates line drawings with CT scans and 
MR images in a side-by-side format. Volume 1 includes chapters 
portraying the anatomy of the skull, brain, spine, and neck. Volume 
2 considers the trunk, pelvis, and extremities. The text is minimal, 
included to review the technical factors of obtaining CT scans. 
Essentially no information is included on the technique of MR imaging. 

This atlas has many desirable features. It will be valuable as an 
educational resource for medical students who are being introduced 
to cross-sectional imaging, as a review for radiology residents who 
are interpreting CT scans, and as a reference for busy practitioners 
who want an efficient review of anatomy. Its off-the-shelf value as an 
anatomic reference should be emphasized also. The deficits of this 
work are few. Some of the reproductions of the CT scans are too 
dark; consequently, anatomic features identified in the line drawings 


are invisible on the scans. The MR images are infrequent, and many 
are outdated. Some of the reformatted CT images lack the detail 
necessary for accurate assessment. Scattered typographic errors in 
the labeling of the line drawings are minor distractions. It must be 
emphasized, however, that these deficiencies detract minimally from 
the overall high quality of the line drawings and CT reproductions. 

This text will be most valuable for training programs and as a 
reference. It should be a priority purchase for departmental and office 
libraries and for the collection of references kept adjacent to CT 
reading stations. 
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Treatment of Vertebral 
Arteriovenous Fistulas 





Twenty patients with vertebral arteriovenous fistulas (eight spontaneous, six traumatic 
without vertebral artery transection, and six traumatic with vertebral artery transection) 
were treated by transvascular embolization techniques, resulting in complete fistula 
closure in all patients. The fistulas were located at C1-C2 in 45%, C2-C3 in 25%, C4- 
C5 in 15%, C5-C6 in 10%, and C6-C7 in 5%. Trauma was the most common cause: 
30% followed knife wounds, 20% followed gunshot injuries, and 10% followed blunt 
trauma. Eight patients had spontaneous fistulas, two associated with fibromuscular 
dysplasia. Three patients—all with large, long-standing fistulas—developed neurologic 
deficits coincident with the abrupt closure of the fistula, which resolved with reestab- 
lishment of fistula flow. Two of these patients were treated by staged closure; the other 
one by gradual closure. In all three cases the result was complete fistula closure without 
neurologic sequelae. The remaining spontaneous fistulas were all closed by balloon 
embolization with preservation of the vertebral artery and without deficits. The six 
patients with traumatic fistulas without transection were cured by balloon embolization, 
without deficits; in four there was also preservation of vertebral flow. The other six 
patients had traumatic fistulas with transection and were all cured by balloon emboli- 
zation with preservation of flow in two. Four patients required bilateral approaches to 
the fistula to achieve complete fistula closure. The only complication was a mild residual 
Wallenberg syndrome after occlusion of the posterior inferior cerebellar artery in the 
treatment of a transection located at C1. 

In our opinion, transvascular techniques are the treatment of choice for vertebral 
arteriovenous fistulas. 


Vertebral arteriovenous fistulas are abnormal connections between the extracra- 
nial vertebral artery or its branches and neighboring veins. They are uncommon 
lesions, with only 81 cases reported prior to 1977 [1]. The most common cause of 
these fistulas is penetrating neck injuries, usually knife wounds or gunshot injuries. 
latrogenic causes include the sequelae of direct puncture of the carotid or vertebral 
artery for diagnostic angiography [2, 3], inadvertent vertebral damage during the 
insertion of venous catheters [4, 5], or complications of anterior interbody fusion 
[6]. Diseases associated with vertebral arteriovenous fistulas include fibromuscular 
dysplasia [7-9] and neurofibromatosis [10-12]. Blunt trauma in association with 
cervical spine fracture has been reported as a cause [13, 14]. Many cases are 
spontaneous [15] and often thought to be congenital. Symptoms often related to 
the fistula are bruit and neck pain, but brain and spinal cord dysfunction related to 
steal, venous hypertension, or mechanical compression have also been reported 
(1, 16]. Traumatic fistulas can present with massive hemorrhage, neurologic 
deficits, expanding hematomas, pseudoaneurysms, and airway obstruction. Treat- 
ments have included proximal ligation, trapping procedures, direct surgical expo- 
sure and closure, combined balloon embolization and surgical ligation, and, more 
recently, embolization with balloons or steel coils [16-20]. Over the past 7 years 
we have treated 20 vertebral arteriovenous fistulas by transvascular embolization 
techniques, and we report the results of those treatments. 
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Materials and Methods 


Twenty patients with vertebral fistulas were treated by using 
transarterial embolization. All procedures were performed with local 
anesthesia and IV sedation to allow continuous neurologic monitoring. 
The femoral arterial access was used for all diagnostic and therapeu- 
tic procedures. A diagnostic angiogram with catheter tip located near 
the fistula was obtained via the involved vertebral artery, and rapid 
filming was used to delineate the site of the fistula, presence of 
arterial narrowing or damage, and draining venous structures. If 
antegrade flow up the involved vertebral artery above the fistula was 
not observed, then gentle advancement of a soft-tipped guidewire 
was attempted to place the diagnostic catheter above the level of the 
fistula. If successful, an angiogram was obtained with the catheter 
tip located just above the fistula site. Angiograms of the contralateral 
vertebral, ipsilateral carotid, thyrocervical, and costocervical arteries 
were obtained as indicated. If continuity of the artery was maintained 
(no transection) then a 7.3/5-French coaxial catheter system was 
placed in the artery with the safest access to the fistula, usually the 
involved vertebral artery. Systemic anticoagulation with heparin, usu- 
ally 5000 units bolus and 2500 units/hr in a 70-kg patient, was given 
unless contraindicated. If the patient had a pseudoaneurysm or 
expanding hematoma, then anticoagulation was not used. The inner 
5-French catheter was removed and a 4/2-French coaxial polyethyl- 
ene catheter system with a silicone detachable balloon attached to 
the 2-French catheter was placed through the 7.3-French catheter. 
The space between the 4- and 7.3-French catheters was perfused 
with heparinized saline through a sidearm attachment. Injection of 
contrast material can also be made through this space during balloon 
placement. The balloon was advanced under fluoroscopic guidance 
into the fistula and inflated. If in satisfactory position, the balloon was 
detached by traction or coaxial technique. Attempts were made to 
preserve vertebral arterial flow if possible. 

If vertebral transection was present, an attempt was made to place 
the catheter system into the distal transected segment via the ipsi- 
lateral vertebral artery. 
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lf a vertebral transection was present and the diagnostic catheter 
could not be advanced into the distal vertebral artery, then a contra- 
lateral approach was initially used. The balloon was flow-directed up 
the contralateral vertebral artery across the junction of the vertebral 
arteries, down the distal ipsilateral vertebral artery, and to a point 
above the level of the fistula. If in satisfactory position, the balloon 
was then detached by gentle traction. The 7.3-French catheter was 
then placed in the ipsilateral vertebral artery and balloons were 
positioned in the fistula site and ipsilateral vertebral artery near the 
site of the fistula. After final detachment, a control angiogram was 
obtained from all potential collateral sources that could supply the 
fistula. If the fistula was occluded, the heparin anticoagulation was 
reversed with IV protamine sulfate (1 mg of protamine sulfate coun- 
teracts 100 units of circulating heparin) given slowly over 5 min. 
Follow-up angiograms were obtained if the patient had symptoms 
related to the fistula or if the control angiogram demonstrated subtotal 
occlusion. The patients were followed by the authors at 1-month, 6- 
month, and yearly intervals after treatment. The follow-up period was 
5-72 months (average, 35 months). 

The age and gender of each patient, location and cause of the 
fistula, symptoms, presence of vertebral transection, treatment, and 
complications are summarized in Table 1. 


Results 


Nineteen of 20 patients were treated by transarterial balloon 
embolization. In the other patient (case 12) the orifice of the 
fistula was too small to permit the balloon to enter the fistula; 
therefore, a balloon was transiently positioned in the vertebral 
artery above the fistula and silicone spheres were embolized 
behind (proximal to) the balloon into the fistula. All 20 patients 
had complete closure of their fistulas by transvascular treat- 
ments. 


TABLE 1: Summary of Vertebral Fistulas in Patients Treated with Transvascular Embolization 


SS 














Tr Age Gender Site Cause Symptoms/Findings Tr Aarna ved ai Treatment 
1 61 F R C1 Spontaneous Bruit Occlusion Three balloons 
2 23 F LC1 Spontaneous Weakness No Three balloons 
3 29 F R C4-C5 Spontaneous Neck pain, radiculopathy No One balloon 
4 27 M L C2-C3 Gunshot wound Hemorrhage Occlusion Three balloons 
9 24 M R C1 Gunshot wound External hemorrhage Transection/occlusion Six balloons 
6 20 M L C1 Blunt trauma Bruit, pain Transection Seven balloons 
7 20 M RC5-C6 Spontaneous Subarachnoid hemorrhage Nọ One balloon 
8 64 F L C2-C3  Fibromuscular Bruit, pain No One balloon 
dysplasia 
9 35 M L C1 Spontaneous Bruit, pain No Two balloons 
10 20 M R C1 Blunt trauma Bruit Transection/occlusion Ten balloons 
11 30 M L C1 Spontaneous Exercise intolerance No Four balloons 
12 26 a L C2-C3 Fibromuscular Pain, bruit, quadriparesis No Silastic spheres 
dysplasia 
13 60 M R C6-C7 Gunshot wound Hematoma No One balloon 
14 61 M RC4-C5 Stab wound Bruit No One balloon 
15 25 M RC1 Gunshot wound Bruit Transection Six balloons 
16 28 M L C2 Stab wound External hemorrhage Transection/occlusion Five balloons 
17 21 M L C1 Stab wound External hemorrhage Transection/occlusion Three balloons 
18 28 M L C2-C3 Stab wound External hemorrhage No Three balloons 
19 26 M LC4-C5 Stab wound Pain, hematoma Occlusion Two balloons 
20 29 M LC5-C6 Stab wound Radiculopathy, pain No Four balloons 


SS SS 


Note.—Treatment resulted in fistula closure in all cases. There was only one complication, occlusion of the posterior inferior cerebellar artery in case 6. R = 


right; L = left. 
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Fig. 1.—Case 7: 20-year-old man with spontaneous vertebral fistula at CS-C6 who presented with massive subarachnoid hemorrhage. 

A, Anteroposterior view of right vertebral artery injection shows vertebral fistula with venous drainage to epidural venous plexus and medullary veins 
(arrows). 

B, Selective radicular artery injection, oblique view, shows site of fistula with venous drainage to epidural venous plexus (straight arrows) and medullary 
veins (curved arrow). 

C, Selective right vertebral artery injection, anteroposterior view after embolization, shows balloon in fistula with preservation of vertebral flow. 


Spontaneous Fistulas 


In spontaneous fistulas the diameter of the involved feeding 
arteries is often enlarged, presumedly secondary to long- 
standing fistula flow. Of the eight patients with spontaneous 
fistulas, three developed reversible neurologic deficits coinci- 
dent with the abrupt closure of the fistula. With reestablish- 
ment of fistula flow the neurologic deficits promptly resolved. 
Fistula closure was staged in two patients, and in the third 
the occlusion was gradual over a 2-hr period. None sustained 
permanent neurologic sequelae. 

In all eight patients, transarterial occlusive procedures re- 
sulted in complete closure of the fistula and preservation of 
flow in the involved vertebral artery. Case 7 (Fig. 1) was a 20- 
year-old man who had subarachnoid hemorrhage secondary 
to a fistula supplied by a radicular branch of the right vertebral 
artery with venous drainage to the epidural plexus and med- 
ullary veins. A single detachable balloon was positioned at 
the fistula with complete closure and no further episodes of 
hemorrhage. Case 1, with a large, high-flow fistula, developed 
delayed thrombosis in the large vertebral artery weeks after 
balloon embolization. This event was associated with mild 
pain, but without neurologic deficit, and was presumed to be 
secondary to the slow flow in the dilated vessel after closure. 

In the two patients with fibromuscular dysplasia, complete 
closure was achieved without deficits. 


Traumatic Fistulas Without Transection 


In the six patients with traumatic fistulas without transec- 
tion, the involved vertebral artery was preserved in four. In 
the other two patients narrowing and intimal damage in the 
involved artery prevented preservation of flow. All procedures 
were performed from the involved vertebral artery and none 
resulted in neurologic deficits. 

Case 14 (Fig. 2) was a 61-year-old man who developed a 
right vertebral fistula after a penetrating trauma. A single 
balloon was positioned within the fistula and detached, re- 
sulting in complete closure of the fistula. 


Traumatic Vertebral Fistulas with Transection 


Six patients had complete transection of the vertebral ar- 
tery. In four patients penetrating injuries were responsible: 
two knife wounds and two gunshot injuries. In the other two 
patients, blunt trauma was responsible with severe whiplash 
in one and fracture of C1 in the other. With complete transec- 
tion there is retraction of proximal and distal ends of the 
severed artery away from the site of the injury. There is 
usually a pseudoaneurysm associated with the fistula. The 
walls of the pseudoaneurysm are made of clot and offer little 
structural support unless surrounded by firm structures such 
as bone or ligaments. Our earliest experience with balloon 


408 HALBACH ET AL. 





A B 


placement within the pseudoaneurysms was that the balloons 
dissected into the walls of the pseudoaneurysm causing 
expansion and sometimes mass effect. In case 5 (Fig. 3) there 
was a vertebral transection with pseudoaneurysm at the level 
of C1 secondary to a gunshot injury. Several balloons were 
positioned within the pseudoaneurysm with enlargement of 
this structure and persistent fistula flow. To achieve closure 
of the fistula, balloons were positioned in both the proximal 
and distal severed vertebral artery segments and detached. 
Because the flow in the distal vertebral is retrograde into the 
fistula, vertebral artery and fistula occlusion were tolerated in 
all six patients who required vertebral artery occlusion. 

Case 17 (Fig. 4) was a 21-year-old man who developed a 
left vertebral transection after a knife wound. Injection of the 
involved vertebral artery showed filling of a pseudoaneurysm 
at the level of C2. Injection of the contralateral vertebral 
artery showed retrograde flow down the involved vertebral 
artery and entry into the same pseudoaneurysm at a higher 
level. Because of the discontinuity of the severed ends and 
retrograde flow down the distal left vertebral artery, treatment 
could not be rendered entirely from the involved side. There- 
fore, a balloon was flow-directed up the right vertebral artery 
and then down the distal left vertebral artery. It was detached 
above the fistula with preservation of flow in the posterior 
inferior cerebellar artery (PICA). Several more balloons were 
then detached in the distal left vertebral artery and in the site 
of the fistula, with complete closure of the fistula without 
deficits. 

Case 10 (Fig. 5) was a 20-year-old man with transection at 
C1 with pseudoaneurysm formation. The distal vertebral ar- 
tery could not be reached from an ipsilateral approach. There- 
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Fig. 2.—Case 14: 61-year-old man with neck 
injury. 

A, Right vertebral artery injection, ear'y arte- 
rial phase, shows fistula at C4-C5 with drainage 
to paravertebral veins. 

B, Same vessel after embolization. A single 
balloon has been placed at fistula site with pres- 
ervation of vertebral artery flow. 


fore, a trapping procedure consisting of contralateral followed 
by ipsilateral occlusion resulted in a complete cure. Note the 
acute angle between the two vertebral arteries, which re- 
quired a sharp curve in the 2-French catheter to negotiate 
this bend. Despite the proximity of the PICA to the fistula site, 
flow in this vessel was preserved. 

The only complication in our series occurred during treat- 
ment in case 6, when the PICA origin was occluded. In one 
of our first cases, previously reported [21], the balloon could 
not be positioned below the PICA origin because of the 
proximity to the fistula. Although the patient tolerated test 
occlusion of the PICA for 20 min, he developed a delayed 
mild Wallenberg syndrome. 


Discussion 


The long intraforaminal course and posterior location of the 
vertebral artery accounts for its rare involvement in penetrat- 
ing injuries of the neck. Injuries to the short first segment, 
from its origin to its entry into the foramen transversarium 
(usually at C6) usually involve other vital structures and have 
a high morbidity. Most traumatic vertebral fistulas involve the 
long second portion (intraforaminal), whereas spontaneous 
fistulas usually involve the third portion (where the artery 
leaves the foramen of the atlas to where it enters the foramen 
magnum) [15]. Surgical approaches to these regions have 
been described but are not without morbidity [22-25]. The 
earliest attempts at surgical control have involved ligation of 
the involved vertebral artery [17]. This often has resulted in 
decreased flow to the fistula but it also could potentiate steal 
down to the distal vertebral artery and result in cerebral steal 
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Fig. 3.—Case 5: 24-year-old man. 

A, Right vertebral artery angiogram, oblique 
view, shows fistula at C1 with pseudoaneurysm. 

B, Same vessel, lateral view, after partial em- 
bolization with persistent fistula filling and diver- 
sion of venous flow to paravertebral veins. 

C, Left vertebral artery injection, Towne pro- 
jection, with steal down distal right vertebral 
artery into fistula. 

D, Left vertebral artery injection after emboli- 
zation. Occlusion of fistula with preservation of 
posterior inferior cerebellar artery. 


C 


symptoms [26, 27]. Trapping procedures with ligation of the 
vertebral artery on either side of the fistula may be effective; 
however, collaterals may maintain fistula patency [28]. Sur- 
gical exposure of the fistula involving the second portion of 
the vertebral artery (intraforaminal) can be difficult. The sur- 
rounding arterialized Batson plexus can cause extensive hem- 
orrhage during surgical exposure, and damage can occur to 
surrounding structures such as the phrenic nerve, brachial 
plexus, and cervical spinal cord [29, 30]. In an attempt to 
minimize the hemorrhage during surgical exposure, several 
techniques have been employed, including temporary occlu- 
sion of the fistula site with angioplasty catheters [31], intra- 
operative placement of balloon catheters at the fistula site, 
and hypotensive anesthesia [30]. Combined surgical and 
balloon embolization techniques have been used to complete 
trapping procedures [32-34]. More recently, trapping proce- 
dures with detachable balloons and balloon embolization with 
preservation of vertebral flow have been described [35-37]. 
Occlusion by spring coils has also been reported [38, 39]. 

Of the eight spontaneous fistulas in our series, three de- 


TREATMENT OF VERTEBRAL FISTULAS 409 





D 


veloped reversible neurologic deficits coincident with the ab- 
rupt closure of the fistula. We postulated that the chronically 
ischemic cerebral vasculature was unable to regulate cerebral 
blood flow once normal perfusion was reestablished. This has 
been documented experimentally in animals as well as after 
surgical resection of large cerebral arteriovenous malforma- 
tions and is described as normal perfusion-pressure break- 
through [20]. One of our three patients presented with pro- 
gressive cerebral steal symptoms before treatment, which 
can signify the cerebral vasculature’s loss of normal autoreg- 
ulation. All three patients had large, long-standing fistulas. In 
these three patients slow, gradual occlusion in one and staged 
occlusion in the other two allowed complete fistula closure 
without the development of permanent neurologic deficits. In 
addition to the three patients with vertebral fistulas we have 
also reported the development of normal perfusion-pressure 
breakthrough during the closure of carotid cavernous fistulas 
[40]. In all eight patients with spontaneous fistulas in our 
series, vertebral flow was preserved and complete fistula 
closure was achieved with transvascular embolization. 





— 
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Fig. 4.—Case 17: 21-year-old man with penetrating neck injury. 

A, Left vertebral artery injection, lateral view, shows vertebral artery fistula (arrow) draining into pseudoaneurysm. 

B, Right vertebral artery injection, anteroposterior view, shows retrograde steal down distal left vertebral artery into same pseudoaneurysm (arrow). 
Higher level of entry into pseudoaneurysm is consistent with vertebral transection. 

C, Right vertebral artery injection, anteroposterior view, after balloon embolization. Both contralateral and ipsilateral embolization approaches have 
been used to effect complete fistula closure. 





Fig. 5.—Case 10: 20-year-old man with blunt trauma. 
A, Right vertebral artery injection, anteroposterior view, shows site of fistula (arrow) at C1. 
B, Left vertebral artery injection, anteroposterior projection, shows transection (arrow) and drainage into pseudoaneurysm. 


C, Same vessel, after embolization. By using both contralateral and ipsilateral approaches, balloons (arrowheads) have been positioned in both proximal 
and distal vertebral segments as well as within fistula, resulting in complete cure and preservation of posterior inferior cerebellar artery. 
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Patients in our series with traumatic fistulas without tran- 
section were all treated with transvascular embolization with 
preservation of flow in four of six involved vertebral arteries. 

Vertebral artery transection often presents a diagnostic and 
therapeutic challenge. Because the cause is often trauma 
(100% in our series), presentation is generally acute, with 
external hemorrhage or expanding pseudoaneurysms. The 
retracted severed ends of the vertebral artery make preser- 
vation of flow difficult or impossible. In the six patients in our 
series with transection, vertebral patency could be preserved 
only in two. The retracted ends of the vertebral artery and 
associated pseudoaneurysm often require trapping proce- 
dures to achieve fistula closure; these were performed in four 
patients. Great care must be taken to ensure that the fistula 
is closed before or coincident with the closure of the vertebral 
artery. If the proximal vertebral artery is closed before the 
fistula is obliterated, then increased steal from the distal 
vertebral artery into the fistula could compromise cerebral 
circulation. Therefore, in complete vertebral transection where 
preservation of the artery is not technically possible, the distal 
vertebral artery should be occluded first. Because of the 
retraction of the severed ends of the vertebral artery, retro- 
grade flow in the distal vertebral segment, and turbulent flow 
within the fistula, it is often technically difficult to reach the 
distal vertebral artery across the fistula site from the ipsilateral 
approach. It is sometimes necessary to approach the distal 
vertebral segment from the contralateral vertebral artery to 
perform a trapping procedure involving the fistula. This ma- 
neuver must be undertaken with extreme caution and carries 
several potential hazards. Occlusion of the contralateral ver- 
tebral artery increases the steal from the posterior fossa 
circulation and may cause neurologic deficits if prolonged. 
The angle between the two distal vertebral arteries is often 
acute and negotiation may be difficult. Often, a sharp curve 
in the distal 2-French catheter is necessary to execute this 
maneuver. Because of the tortuosity of the distal vertebral 
arteries, coaxial detachment is impossible. Traction detach- 
ment is necessary when the balloon is positioned in the distal 
vertebral segment above the fistula, and it is important that 
the final balloon position be below the origin of the PICA. The 
only complication in our series (in one of our earliest cases) 
followed occlusion of the PICA, which resulted in the devel- 
opment of a delayed mild Wallenberg syndrome with left face 
and body hypalgesia and residual clumsiness in the ipsilateral 
upper extremity. 

In addition to the trapping of both the proximal and distal 
ends of the involved vertebral artery, balloons are placed 
within the fistula itself to prevent fistula patency from potential 
collaterals. Both silicone and latex balloons are adequate for 
occlusion; however, only silicone balloons were used in our 
series. 

In conclusion, transvascular balloon embolization is cur- 
rently the method of choice in the treatment of vertebral 
fistulas. In patients with spontaneous or traumatic fistulas 
without transections, it is often possible to preserve vertebral 
arterial flow. Patients with long-standing fistulas may be at 
risk to develop neurologic deficits if abruptly occluded; these 
can be averted with gradual or staged fistula closure. In 
patients with transection, a trapping procedure is often nec- 
essary to achieve complete fistula closure and can be per- 
formed from a transvascular route. 
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Tolosa-Hunt Syndrome Revisited: 
Not Necessarily a Diagnosis of Exclusion 





The Tolosa-Hunt syndrome (THS), a steroid-responsive painful ophthalmoplegia sec- 
ondary to idiopathic granulomatous inflammation, historically has been categorized as 
a diagnosis of exclusion because of its nonspecific radiologic presentation. Five patients 
who satisfied the anatomic and clinical criteria of this syndrome underwent high- 
resolution CT of the orbital apex/cavernous sinus region. Two patients were diagnosed 
as having orbital apex pseudotumor, two as having cavernous sinus inflammation, and 
one as having a cavernous sinus epidermoid by the characteristic CT and clinical 
findings. Follow-up studies while the patients were asymptomatic demonstrated com- 
plete resolution of the CT abnormalities in four patients and clinical improvement in all 
five patients. 

Our data suggest that orbital apex pseudotumor and granulomatous inflammation of 
the cavernous sinus have similar clinical features and should be considered as part of 
the spectrum of THS. With the advent of high-resolution CT, THS may now be a diagnosis 
of inclusion. Symptomatic improvement after steroid therapy is an essential but not 
absolute proof of the syndrome, since lesions such as lymphomas may also respond to 
steroids. Resolution of the soft-tissue inflammation on CT is an additional criterion for 
diagnosis. 


The hallmark of the Tolosa-Hunt syndrome (THS) is a painful ophthalmoplegia 
that is steroid responsive. In 1954, Tolosa [1] reported a patient with left orbital 
pain, ipsilateral progressive visual loss, total left ophthalmoplegia, and hypesthesia 
over the first division of the trigeminal nerve. Cerebral angiography demonstrated 
narrowing of the intracavernous segment of the left internal carotid artery; at 
autopsy, a low-grade nonspecific granulomatous inflammation of the cavernous 
sinus and adventitia of the carotid artery was identified. In 1961, Hunt et al. [2] 
reported six cases of remittent unilateral retroorbital pain accompanied by extra- 
ocular palsies and occasional supraorbital numbness and blindness; these patients 
also improved promptly on corticosteroids. Since the radiologic findings of THS in 
the pre-CT era were often nonspecific and the symptom complex of painful 
ophthamoplegia could be clinically encountered in patients with other disorders 
(aneurysms, diabetes mellitus, periarteritis nodosa, parasellar neoplasm/infection, 
cavernous sinus thrombosis, and carotid cavernous fistula), there has been a 
strong emphasis in the neurologic and ophthalmologic literature to categorize the 
THS as a diagnosis of exclusion. With the advent of high-resolution CT, lesions 
located in the orbital apex, superior orbital fissure, and cavernous sinus region that 
are directly responsible for the symptoms can now be imaged. As a result, we no 
longer believe that the THS is a diagnosis of exclusion. While the syndrome is often 
considered a benign, self-limiting entity, permanent damage to the involved cranial 
nerves can occur, making prompt diagnosis and steroid therapy mandatory. It is 
also important that the radiologist be aware of the spectrum of CT findings in this 
syndrome to obviate surgical exploration. The clinical and radiologic findings in five 
patients who satisfy the criteria of THS are the subject of this report. 
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Materials and Methods 


Between 1981 and 1986, five patients with THS were evaluated 
by the neuroophthalmology and neuroradiology sections at our insti- 
tution. All patients underwent high-resolution 2-mm contrast-en- 
hanced CT* of the orbit and parasellar regions as a part of the 
diagnostic evaluation of painful ophthalmoplegia. Tissue diagnosis 
was obtained in one patient. A dramatic response to steroid therapy 
accompanied either by resolution of the CT abnormality or by long- 
term follow-up established the diagnosis of THS in the remaining four 
patients. 


Case Reports 
Case 1 


A 22-year-old white man with a 12-year history of Crohn disease 
developed bifrontal constant headache accompanied by nausea, 
numbness of the right upper lip, and diplopia on left lateral and 
upward gaze 2 weeks before admission. The pain was more severe 
over his right eye. Physical examination showed normal visual acuity, 
minimal ptosis of the right upper eyelid, and decreased adduction of 
the right eye. Pertinent laboratory data included a normal lumbar 
puncture, sedimentation rate, WBC count, and fasting blood glucose. 
Antinuclear antibody and rheumatoid factors were negative. The 
patient underwent high-resolution contrast-enhanced CT through the 
parasellar region (Fig. 1A). 

Since the cause of the diplopia and headache was not clear and 
the implication of the enlarged right cavenous sinus was not fully 
appreciated at the time, the headache was treated symptomatically. 
Over the next 2 weeks, the patient noted increasing horizontal and 
oblique diplopia. A repeat ophthalmologic examination (now 5 weeks 
after the onset of symptoms) demonstrated a pupil-sparing third- 
nerve palsy and a complete fifth-nerve dysfunction. Owing to the 
patient’s age, the lack of bony involvement, and the clinical course, 
an inflammatory process was considered more likely than malignancy. 
A therapeutic trial of prednisone was started at 60 mg/day. The 
patient's headache, ptosis, diplopia, and hypesthesia in the trigeminal 
distribution responded dramatically within 48 hr, and resolution was 
complete within 1 week. Follow-up CT demonstrated a normal- 
appearing right cavernous sinus (Fig. 1B). 


Case 2 


A healthy 24-year-old white man developed sudden onset of right 
retrobulbar pain relieved by aspirin 3 weeks before admission. A 
complete right third nerve palsy was noted over the next several 
days. A CT brain scan and bilateral carotid angiography at another 
institution were reported as normal. Since diabetes, parasellar tumor, 
and posterior communicating artery aneurysms had apparently been 
excluded, he was started empirically on methyl prednisolone, 24 mg/ 
day to be tapered over a 1-week period. This relieved the headache 
almost immediately, but the diplopia persisted. Pertinent findings on 
ophthalmologic examination at our institution included normal visual 
acuity, ptosis of the right upper eyelid, a poorly reactive dilated right 
pupil, reduced ocular motility in the direction of all the muscles 
supplied by the right third nerve, and mild impairment of the motor 
division of the right fifth nerve. A repeat CT scan of the parasellar 
region demonstrated a low attenuating mass in the right cavernous 
sinus (Fig. 2). When steroids were restarted, the patient noted marked 
improvement of his retrobulbar pain, pupillary functions, and extra- 
ocular movements. As the steroids were tapered, there was a mild 








*Siemen’s Somatom 2 or DR3. 


AJR:150, FEBRUARY 1988 


flare-up of the headache and the ptosis. The working diagnosis was 
leakage from an epidermoid tumor in the right cavernous sinus with 
secondary inflammation. 


Case 3 


A 26-year-old previously healthy black man experienced 2 weeks 
of generalized fatigue, fever, and night sweats 8 weeks before 
admission. By 6 weeks before admission, the patient experienced 
diplopia on left lateral gaze and left retroorbital pain. Pertinent physical 
findings on admission included visual acuity of 20/25 on the right and 
20/60 on the left, a left relative afferent pupillary defect, left lateral 
rectus dysfunction, hypesthesia over the first division of the left 
trigeminal nerve, and bilateral inguinal adenopathy. Laboratory stud- 
ies including lumbar puncture and serology were noncontributory. CT 
and MR of the brain and parasellar region demonstrated multiple 
bilateral parenchymal and dural-based lesions (Figs. 3A-3D). The 
leading differential diagnoses were CNS sarcoidosis and lymphoma. 
Subsequent chest films and CT scans demonstrated paratracheal, 
paraaortic, and perihilar adenopathy. A mediastinal lymph-node bi- 
opsy showed noncaseating granulomata compatible with sarcoidosis. 
Visual acuity deteriorated to 20/200 over a 10-day period. The patient 
was subsequently started on methyl prednisolone, 60 mg every 6 hr, 
then changed to oral prednisone, 80 mg every morning. Visual acuity 
on the left transiently improved to 20/30; headache, facial paresthe- 
sias, and diplopia all resolved within several days. When the patient 
prematurely discontinued the prednisone, visual acuity of the left eye 
deteriorated to 20/400 with the development of a central scotoma. 
High-dose IV methyl prednisone was therefore administered for a 5- 
day period followed by oral prednisone. Follow-up CT 8 weeks later 
demonstrated resolution of all intracranial lesions including the cister- 
nal lesion (Fig. 3E). However, visual acuity on the left side did not 
improve. 


Case 4 


A 25-year-old healthy white woman developed diplopia on left 
lateral gaze several days after an “upper respiratory infection.” An 
orbital CT scan at an outside institution was reported as normal. The 
deficit remained stable for 1 month until 3 weeks before admission 
when the patient noted loss of color vision in the left eye and right 
frontal and left supraorbital headache with radiation to the left occiput. 
Pertinent findings on ophthalmologic examination at our institution 
included ptosis and swelling of the left upper lid, minimal proptosis, 
a left-sided relative afferent pupillary defect, and visual acuity of 20/ 
400 on the left. Extraocular movements of the left eye had decreased 
in all fields of gaze, especially medially. Laboratory studies including 
thyroid function tests were normal. CT of the orbit was performed 
(Figs. 4A and 4B). The clinical diagnosis was orbital apex pseudotu- 
mor. The patient was initially treated with prednisone, 100 mg/day, 
but the lack of response necessitated a change to dexamethasone, 
20 mg IV every 6 hr. The diplopia and retroorbital pain subsequently 
resolved, while the visual acuity in the left eye improved to 20/50 
over the next several days. Follow-up CT 1 week later demonstrated 
a normal orbital apex (Fig. 4C). 


Case 5 


A 62-year-old black man was initially evaluated at our institution 5 
years ago for throbbing temporal/retroorbital headache, proptosis, 
decreased visual acuity, hypesthesia in the V1 and V2 distributions, 
and third and sixth cranial nerve palsies all localized on the left side. 
Extensive evaluation included serology, antinuclear antibody, lupus 
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Fig. 1.—Case 1. Fig. 2.—Case 2: direct coronal CT scan of par- 
A, Axial parasellar CT scan shows asymmetric enlargement of right cavernous sinus (arrows) asellar region. Low-density mass within right cav- 
before steroid therapy. ernous sinus (arrow) measures —87 H. 


B, Follow-up CT scan 7 months later shows normal-appearing cavernous sinus bilaterally. 


Fig. 3.—Case 3: 26-year-old black man. 

A, Axial CT scan shows abnormal enhance- 
ment in left prepontine cistern (arrow). 

B, 3-mm T1-weighted spin-echo image (TR = 
600 msec, TE = 17 msec) through same region 
shows abnormal soft tissue infiltrating posterior 
cavernous sinus (small black arrow), resulting in 
anterior displacement of left internal carotid ar- 
tery (large black arrow) and effacement of fat 
within cavernous sinus. Note fat within right cav- 
ernous sinus (white arrow). 

C, Multiple parenchymal enhancing lesions in 
corpus Callosum and left parietal lobe. 

D, T2-weighted spin-echo image at same level 
shows multiple lesions with prolonged T2 in cor- 
pus callosum and left centrum semiovale (ar- 
rows). 

E, Cavernous sinuses are now symmetric, and 
abnormal enhancement in prepontine cistern has 
resolved after high-dose steroid therapy. 
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Fig. 4.—Case 4. 
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A, Enlargement of left lateral rectus at or- 


bital apex (arrow). 


B, Sagittal reformatting shows compression 
of left optic nerve by inflammatory soft tissue 


at apex. 


C, After steroid therapy. Left lateral muscle 


is normal. 





Fig. 5.—Case 5. 


A, 4-mm axial CT scan through cavernous sinus shows effacement of left Meckel cave (arrow). Note normal Meckel cave (arrowhead) on right side of 


patient. 


B, 5 years later. Subtle but definite abnormal soft-tissue mass compresses right orbital apex (arrows) on both axial (B) and coronal (C) views. 


erythematosus test, complete blood cell count, fungal and acid-fast 
bacillus culture of the CSF, cerebral angiography, and temporal artery 
biopsy; all were negative. 

CT of the parasellar region demonstrated partial effacement of the 
left Meckel cave (Fig. 5A). The major differential diagnoses were 
occult neoplasm vs idiopathic granulomatous inflammation of the left 
cavernous sinus. The patient was treated with a tapering dose of oral 
prednisone starting with 100 mg/day. The headache improved dra- 
matically within 24 hr, while the cranial nerve deficits improved 
gradually over the next 4 weeks. He remained symptom-free for 5 
years until he had a 5-day period of diplopia, retroorbital pain, and 
decreased visual acuity on the right that prompted his current evalu- 
ation. Pertinent findings on ophthalmologic examination included 
decreased visual acuity to finger counting at 1 m on the right with 
normal visual acuity on the left, a relative afferent pupillary defect, 
and third and sixth cranial nerve palsies on the right. CT of the orbit 
was compatible with apical orbital pseudotumor (Fig. 5B). There was 
subjective improvement of the diplopia and the retroorbital pain within 


48 hr after initiation of oral prednisone of 100 mg/day. The visual 
acuity returned to 20/25, and there was minimal residual lateral rectus 
weakness as the steroids were reduced. 


Discussion 


Painful ophthalmoplegia secondary to idiopathic granuloma- 
tous inflammation of the cavernous sinus or the superior 
orbital fissure that is steroid responsive was given the eponym 
Tolosa-Hunt syndrome by Smith and Taxdal [3] in 1966 when 
they reported five cases of painful ophthalmoplegia and con- 
firmed the importance of therapeutic trials of steroids as a 
diagnostic test. Two Strict sets of criteria have to be satisfied 
before a patient can be given this diagnosis [4]. The first is 
anatomic, wherein the neurologic deficits have to be directly 
confined to structures in the cavernous sinus, superior orbital 
fissure, or orbital apex. These include cranial nerves Il, Ill, IV, 
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TABLE 1: Summary of Clinical Presentations and Radiologic Findings in Patients with Tolosa-Hunt Syndrome 
SS 








: CT Findings 
Associated À l 
i Age Gender Systemic je dii is nine After Residual! Deficit 
Disease Before Steroids Steroids 
1 22 M Crohn dis- R III, V com- No Enlarged R cavernous Normal None 
ease plete sinus 
2 24 None R III, V motor No Epidermoid in R cavern- No change Mild weakness of R 
ous sinus superior rectus 
3 26 M Sarcoidosis L VI, V1 Yes; L 20/60 Enhancement in prepon- Normal L visual acuity 20/ 
tine cistern, posterior 400 
cavernous sinus, and 
brain 
4 25 F None L III, IV, VI Yes; L 20/400 Swelling of L lateral rec- Normal L visual acuity 20/ 
tus and inflammation 50 
at orbital apex 
5° 57 M None L Ill, Vi, V1, Yes; L 20/50 Effacement of Meckel Normal None 
V2 cave 
62 M = R III, VI Yes; R finger Increased soft tissue in Normal Mild weakness of R 
counting at 1 m R orbital apex lateral rectus 


al, 


* Two episodes 5 years apart. 
Note —R = right, L = left. 


VI, and V1; parasympathetic pupillodilator fibers of the third 
nerve; and sympathetic pupilloconstrictor fibers of the peri- 
carotid plexus. Dysfunction of V2 and the motor division of 
the trigeminal nerve is encountered less often. The second 
set of criteria relates to the clinical behavior in which “steady” 
periorbital or retroorbital pain usually precedes but may arise 
concomitant with the onset of ophthalmoplegia. The symp- 
toms are often relapsing and remitting and can last for days 
to weeks. Even though the pathologic process is self-limited 
and spontaneous remissions do occur, a short course of 
steroids can dramatically relieve the periorbital pain within 
24-48 hr, followed by gradual resolution of the cranial nerve 
dysfunctions. The cause of this syndrome is unknown. 

While painful ophthalmoplegia is not an uncommon clinical 
problem, the THS has been considered a rare Clinical entity. 
Thomas and Yoss [5] reported three cases of THS in a review 
of 102 patients with parasellar syndrome. An additional four 
patients satisfied the criteria of this syndrome in an analysis 
of 1000 cases of paralysis involving cranial nerves Ill, IV, and 
VI [6]. In a report by Hasso et al. [7] of 131 patients with 
cavernous sinus syndrome, idiopathic inflammation of the 
cavernous sinus was not represented. In the most extensive 
recent review of this topic by Kline [8] in 1982, the author 
analyzed 146 patients and emphasized that the THS is cate- 
gorically a diagnosis of exclusion. Since many disease proc- 
esses (vascular, neoplastic, or inflammatory) located in the 
region of the cavenous sinus, superior orbital fissure, and 
orbital apex can produce a similar pattern of pain and neuro- 
logic deficit, the concept of the THS as a diagnosis of exclu- 
sion was valid at a time when radiologic evaluation lagged 
behind clinical understanding. The fact that no consistent or 
specific abnormality can be identified in the hematologic, 
bacteriologic, and spinal fluid analyses makes the clinical 
diagnosis of this group of patients even more elusive. 

With the exception of an isolated case report [9], CT has 
been reported to be essentially normal in the majority of 
patients with THS [10, 11]. However, erosion of the sella 


turcica [12], segmental narrowing of the cavernous carotid 
artery [1, 13, 14], and occlusion of the superior ophthalmic 
vein in the orbital apex have been described [10, 13, 15, 
16]. Since the efficacy of high-resolution CT in the evaluation 
of the orbital apex [17] and the cavernous sinus regions [18] 
has been firmly established, we now believe the pathologic 
processes responsible for the THS can be imaged directly by 
CT, and this syndrome is now not a diagnosis of exclusion 
but a diagnosis of inclusion. 

The clinical deficits and CT findings in our five patients with 
six episodes of steroid-responsive painful ophthalmoplegia 
are summarized in Table 1. Dysfunction of the trigeminal 
nerve was seen in cases 1-3 and initially in case 5. In each 
case, CT reliably demonstrated abnormalities in either the 
cavernous sinus, Meckel cave, or along the course of the 
cisternal segment of the fifth nerve. Decreased visual acuity 
as a presenting symptom was observed in cases 3-5. 
Compression of the optic nerve at the orbital apex by pseu- 
dotumor and myositis of the lateral rectus can adequately 
explain the visual impairment of case 5 (second episode) and 
case 4. The cause of the decreased visual acuity in case 3 is 
less obvious. In patients with systemic sarcoidosis, visual 
impairment most often results from uveitis, retinal detach- 
ment, or vitreous hemorrhage [19]. While granulomatous 
infiltration of sarcoid in the orbital apex and enlargement of 
the optic nerve have been reported [19-21], they are consid- 
ered rare phenomena, and were not seen on the scans in 
case 3. The lack of improvement in visual acuity in this patient 
after high-dose steroids make retrobulbar neuritis or micro- 
scopic infiltration of sarcoid within the optic nerve an unlikely 
cause of visual impairment, especially in the context that all 
previously visible CNS lesions resolved on follow-up CT and 
MR. We speculate that the optic neuropathy in this patient 
may be secondary to sarcoid angiopathy. Of the five patients 
in our series, this patient suffered the most severe sequelae, 
which reemphasizes that, although THS is a self-limiting dis- 
ease, it can lead to irreversible damage. 
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CT findings remarkably similar to those in our case 2 have 
been reported by Kline and Galbraith [9]. Surgical exploration 
in their case revealed an epidermoid cyst. While we did not 
have pathologic proof in our case, we believe leakage of the 
epidermoid contents into the cavernous sinus resulted in an 
aseptic inflammatory response. 

The myositic and orbital apex involvement by pseudotumor 
[22] in cases 4 and 5 (second episode) represents a different 
subset of THS—a concept that we believe has not been 
emphasized in the radiologic literature. The orbital apex, 
superior orbital fissure, and anterior cavernous sinus are 
contiguous; granulomatous inflammation in any of the three 
locations will produce similar symptoms. Granulomatous tis- 
sue from orbital pseudotumor and from the cavernous sinus 
of patients reported by Tolosa [1] and others [23-25] has 
characteristically demonstrated numerous plasma cells and 
lymphocytes. Since both subsets of patients respond 
promptly to steroids, it is both logical and clinically useful to 
consider orbital apex pseudotumor as part of the spectrum 
of THS. Clinically, patients with orbital pseudotumor have a 
higher propensity than do patients with cavernous sinus 
lesions to present with proptosis, chemosis, and conjunctival 
injection. 

High-resolution CT in patients with THS usually demon- 
strates soft-tissue infiltration in either the orbital apex or the 
cavernous sinus with no associated bony destruction on 
hyperostosis. The contour of the involved cavernous sinus in 
patients with THS usually has a slightly concave lateral margin 
in contrast to aneurysm or neuroma, which has a laterally 
convex margin. The enhancement in THS is less prominent 
compared with giant cavernous carotid aneurysm or menin- 
gioma. THS also can be differentiated from cavernous sinus 
thrombosis and carotid cavernous fistula by the absence of 
an enlarged superior ophthalmic vein. The infiltrating mass as 
a rule resolves after the administration of steroids. Sympto- 
matic improvement following short-term steroids in a patient 
with painful ophthalmoplegia is an essential clinical feature of 
THS. The improvement, however, is not absolute proof of the 
diagnosis, because lymphoma, meningioma, and giant cell 
tumors have also been reported to respond symptomatically 
to high-dose steroids initially [5, 26]. Likewise, orbital lym- 
phoma can transiently resolve on CT after steroid therapy. 

In conclusion, with the advent of high-resolution CT scan- 
ning, abnormal inflammatory soft tissue in both the orbital 
apex and cavernous sinus directly responsible for painful 
ophthalmoplegia can now be imaged. As a result, THS can 
no longer be considered a diagnosis of exclusion. We would 
like to propose that resolution of soft-tissue inflammation in 
the orbital apex and cavernous sinus on CT while a patient is 
asymptomatic and not taking steroids should be an additional 
Clinical criterion of THS. Surgical exploration should rarely be 
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necessary for inflammatory disease in this region unless high- 
dose steroid therapy fails and there is progressive neurologic 
deficit and pain. 
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Pictorial Essay 





Color-Flow Doppler Imaging of Carotid Artery 
Abnormalities 


William D. Middleton," ? W. Dennis Foley,’ and Thomas L. Lawson’ 


Recent advances in Doppler imaging techniques have al- rapid and accurate than evaluations by conventional duplex 
lowed real-time color evaluation of the spatial and temporal Doppler [1, 2]. The material presented in this essay was 
flow characteristics in the vessels of the neck. Experience accumulated from routine examinations performed with a 
with this new technique is limited; however, initial reports color Doppler imaging device during the past 9 months. No 
suggest that evaluations of suspected extracranial neurovas- attempt has been made to compare color-flow Doppler im- 
cular disorders by color-flow Doppler imaging will be more aging with conventional duplex Doppler or with angiography. 





Fig. 1.—Longitudinal sonographic image of a Fig. 2.—Small plaque without associated flow abnormalities. 
normal carotid bifurcation. Note flow reversal A, Longitudinal sonographic image shows small homogeneous plaque (arrow) at origin of internal 


(FR) in carotid bulb opposite origin of external carotid artery (ICA), resulting in a 15% stenosis. Peak systolic flow velocity was 60 cm/sec. CCA = 
carotid artery (ECA). CCA = common carotid common carotid artery. 

artery; ICA = internal carotid artery; IJV = inter- B, Angiogram confirms small plaque (arrow) at origin of internal carotid artery. 

nal jugular vein. 
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Fig. 3.—Smooth plaque causing no associ- 
ated flow abnormalities. 

A, Longitudinal sonographic image shows 
smooth homogeneous plaque (P) at origin of 
internal carotid artery (ICA). Percentage of ste- 
nosis can be calculated directly by measuring 
diameter of flow lumen (D1) and diameter of 
vessel itself (D2). This plaque narrows lumen by 
approximately 50%, but causes no associated 
flow abnormalities; peak systolic flow velocity 
was 80 cm/sec. Normal flow velocity and inability 
to differentiate hypoechoic plaque from vessel 
lumen resulted in a false-negative result on con- 
ventional duplex Doppler. ECA = external carotid 
artery; CCA = common carotid artery. 

B, Angiogram confirms smooth plaque (P) at 
origin of internal carotid artery. 
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Fig. 4.—Low-grade lesion with associated 
flow abnormalities. 

A, Longitudinal sonographic image shows 
plaque (P) in internal carotid artery (ICA). Note 
flow disturbance distal to plaque, manifested as 
areas of flow reversal (FR) shown in blue. Lumen 
is narrowed by 45%. Peak systolic flow velocity 
was 145 cm/sec, which corresponds to a 50- 
75% stenosis. CCA = common carotid artery. 

B, Angiogram confirms focal plaque (arrow) 


in internal carotid artery, causing a 45% steno- 
sis. 


Fig. 5.—Plaque ulceration. 

A, Longitudinal sonographic image shows fo- 
cal ulcer (arrow) in common carotid artery. 
Within ulcer are areas of both antegrade and 
retrograde flow. 

B, Angiogram confirms ulceration (arrow) in 
common carotid artery. 
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Fig. 6.—Ulceration in internal carotid artery. 
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A, Longitudinal sonographic image shows proximal ulcer (U1) at origin of internal carotid artery (ICA). Reversed flow in ulceration is seen as blue in 
this phase of cardiac cycle. ECA = external carotid artery; CCA = common carotid artery; IJV = internal jugular vein. 
B, Longitudinal sonographic image shows distal ulceration (U2) in origin of internal carotid artery (ICA). ECA = external carotid artery; CCA = common 


carotid artery. 


C, Angiogram confirms proximal (U1) and distal (U2) ulceration in internal carotid artery. 





Fig. 7.—High-grade lesion in common carotid artery. 
A, Longitudinal sonographic image during late systole shows a high-grade (80%) stenosis of common carotid artery with resultant flow jet (arrows) at 
level of stenosis as well as distally. White coloration of flow jet results from elevated flow velocities at this level. Actual velocity measurements were not 
obtained in this patient. 
B, Longitudinal sonographic image obtained at peak systole shows a bruit. Distortion distal to stenosis results from vibrations within soft tissues caused 
by turbulent flow. 
C, Angiogram confirms high-grade stenosis (arrow) in common carotid artery. 


Rather, the cases shown were selected as representative 
examples of abnormalities encountered in our routine clinical 
practice and are intended to show the spectrum of lesions 
that one can expect to encounter when using color-flow 
imaging devices. 


Materials and Methods 


More than 300 patients were evaluated for suspected extracranial 
neurovascular disease between September 1986 and June 1987. All 


examinations were performed with a commercially available color- 
flow imaging device (QAD 1, Quantum Medical Systems, Issaquah, 
WA). This unit analyzes the amplitude, phase, and frequency of 
returning echoes to provide a real-time (18 frames/sec) display show- 
ing moving targets in shades of red and blue and stationary targets 
in gray scale. Color assignment depends on direction of movement 
(toward or away from the transducer). Color saturation depends on 
the velocity of the target, with higher velocities being whiter. 

The patients were all scanned by using a 7.5-MHz linear-array 
transducer. Patients were positioned as though they were having a 
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conventional duplex Doppler examination. In all cases the common 
carotid, carotid bulb, internal carotid, external carotid, and vertebral 
arteries were imaged. Point-spectral analysis was performed on areas 
of flow abnormality identified on the real-time image. If the flow was 
normal on the real-time image, point-spectral analysis was performed 
from the area of maximal flow velocity in the vessel. Representative 
portions of the examination were recorded digitally on videotape. 


Results 


The flow patern in the normal carotid bifurcation was well 
shown with color-flow Doppler imaging. A region of peripheral 
flow reversal was almost invariably present in the carotid bulb 
opposite the origin of the external carotid artery. This region 
was at least partially replaced by static blood during diastole. 
The region of maximal flow velocity in the internal carotid 
artery was eccentrically positioned opposite the area of flow 
reversal (Fig. 1). Flow reversal was less frequently present at 
the origin of the external carotid. 

Low-grade lesions (less than 50% stenosis) in the carotid 
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bifurcation were routinely identified by their encroachment on 
the flow lumen (Figs. 2-4). Percentage of stenosis was gen- 
erally easy to calculate by directly measuring the flow lumen 
and then comparing it with the diameter of the vessel itself 
(Fig. 3). In addition to the classification of low-grade lesions 
by calculated percentage of stenosis, they also could be 
divided into those with flow abnormalities (Fig. 4) and those 
without flow abnormalities (Fig. 3). Plaque ulceration was 
suggested by the presence of marked plaque irregularity or 
by visualization of the ulcer crater (Figs. 5 and 6); however, 
the sensitivity in detecting ulceration has yet to be determined. 

Lesions with more than 50% stenosis generally were as- 
sociated with flow abnormalities including flow jets (Fig. 7), 
flow reversal (Fig. 8), and occasionally well-defined helical 
flow patterns (Figs. 9 and 10). Bruits were occasionally seen 
if tissue vibrations were sufficiently intense (Fig. 7). These 
flow abnormalities, along with the narrowing of the flow lumen, 
made high-grade lesions easy to identify. As with low-grade 
lesions, the percentage of stenosis could be readily calculated 


Fig. 8.—High-grade lesion with flow reversal. 

A, Longitudinal sonographic image shows 
high-grade (95%) stenosis (ST) at origin of inter- 
nal carotid artery resulting in flow reversal (FR) 
distally. Flow reversal is shown as blue. Peak 
systolic flow velocity was more than 220 cm/sec 
and end-diastolic flow velocity was 130 cm/sec, 
indicating a stenosis of 75-99%. ECA = external 
carotid artery; CCA = common carotid artery; 
ECAB = external carotid artery branch. 

B, Angiogram confirms high-grade stenosis 
(ST) at origin of internal carotid artery. ECAB = 
external carotid artery branch. 


Fig. 9.—High-grade stenosis with associated 
helical flow pattern. 

A, Longitudinal sonographic image shows 
high-grade (85%) stenosis (arrow) with associ- 
ated helical arrangement of antegrade and ret- 
rograde flow in internal carotid artery (ICA). Peak 
systolic flow velocity was 270 cm/sec, indicating 
a stenosis of 75-99%. CCA = common carotid 
artery; IJV = internal jugular vein. 

B, Angiogram confirms high-grade stenosis 
(arrow) at origin of internal carotid artery. 
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Fig. 10.—High-grade stenosis with associ- 
ated helical flow pattern. 

A, Longitudinal sonographic view of carotid 
bifurcation shows calcified plaque (arrows) at 
origin of internal carotid artery, with associated 
helical pattern of forward and reverse flow in 
internal carotid artery (ICA). Flow disturbances 
in the external carotid artery (ECA) are due to a 
plaque at its origin. CCA = common carotid ar- 
tery. 

B, Angiogram confirms a calcified plaque (ar- 
row) resulting in high-grade stenosis at origin of 
internal carotid artery. 





B 
directly from the image, without reliance on blood velocity to internal carotid artery was generally accompanied by “exter- 
determine the extent of luminal narrowing. nalization’ of the velocity spectral trace of the common carotid 


Complete obstruction of a vessel could be diagnosed when artery (Fig. 11B). Because moving targets are portrayed in 
no flow was identified within it (Fig. 11). Obstruction of the color and are identified more readily than with conventional 





Fig. 11.—Complete obstruction of internal carotid artery. 

A, Longitudinal sonographic image shows plaque (arrow) at origin of internal carotid artery (ICA) 
with lack of demonstrable flow in internal carotid artery beyond level of plaque. ECA = external 
carotid artery; CCA = common carotid artery. 

B, Velocity trace from left common carotid artery (LCCA) shows complete lack of flow in diastole. 
This is referred to as “externalization” of the common carotid artery and is a confirmatory sign of 
obstruction of the internal carotid artery. 

C, Angiogram confirms complete obstruction of internal carotid artery. 
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Doppler imaging, color-flow imaging should distinguish more 
accurately the extremely high-grade lesions with slow distal 
flow from the lesions causing complete obstruction and ab- 
sence of flow distally. 

Calcified plaques were occasionally encountered; these 
made it difficult to determine luminal narrowing precisely, as 
they also do with conventional duplex Doppler imaging. Im- 
aging from different angles was often helpful in estimating 
whether a high-grade lesion was present (Fig. 12). Analysis 
of the flow pattern beyond the lesion for the presence or 
absence of flow disturbances was also helpful (Figs. 12 and 
13). 


Discussion 


Color-flow vascular imaging represents a significant ad- 
vance in Doppler imaging technology. In addition to conven- 
tional Doppler imaging capability, color-flow Doppler imaging 
provides a dramatic real-time color portrayal of blood flow 
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Fig. 12.—Calcified plaque at origin of internal 
carotid artery. 

A, Longitudinal sonographic image from an 
anterior approach shows a calcified plaque (ar- 
row) approximately 5 mm in length at origin of 
internal carotid artery (ICA). Associated shadow 
(S) precludes a precise calculation of percent- 
age of stenosis, although lack of any demonstra- 
ble flow abnormality distal to plaque argues 
against significant narrowing. Peak systolic flow 
velocity was 50 cm/sec, which is within normal 
limits. CCA = common carotid artery. 

B, Longitudinal sonographic view of carotid 
bifurcation obtained from a posterolateral ap- 
proach allows for visualization of internal carotid 
artery (ICA) without associated shadowing from 
plaque and confirms a lack of significant narrow- 
ing. ECA = external carotid artery; CCA = com- 
mon carotid artery. 


Fig. 13.—Calcified plaque with significant lu- 
minal narrowing. 

A, Longitudinal sonographic image at origin 
of internal carotid artery (ICA) shows a calcified 
plaque (arrow) approximately 5 mm in length 
with associated shadowing (S). Shadowing pre- 
cludes precise determination of luminal steno- 
sis; however, marked flow abnormality in internal 
carotid artery suggests high-grade lesion. Peak 
systolic flow velocity was greater than 250 cm/ 
sec, indicating a stenosis of 75-99%. CCA = 
common carotid artery. 

B, Angiogram confirms high-grade stenosis 
(arrow) at origin of internal carotid artery. 


within the lumen of the vessel. This makes it possible to 
rapidly identify flow abnormalities and eliminates the need to 
perform point-spectral analysis from multiple areas in the 
vessel lumen. In addition, because direction of flow is shown, 
precise assignment of the Doppler angle can be made. This 
allows more accurate calculation of flow velocity, particularly 
in patients with tortuous vessels or nonaxial flow. Therefore, 
even if used merely as a road map for conventional pulsed 
Doppler spectral analysis, color-flow imaging should allow a 
more rapid and accurate examination. 

Despite these improvements in velocity determination, 
many potential pitfalls still exist when flow velocity is the only 
criterion used. Alterations in cardiac output, cardiac arrhyth- 
mias, or high-grade contralateral lesions can lead to both 
overestimates and underestimates of percentage of stenosis 
[3, 4]. Because of these limitations in velocity determination, 
it would be desirable to find a means of directly measuring 
the percentage of stenosis that is similar to the method used 
with angiography. Color-flow Doppler imaging can provide 
this capability since it has the ability to image the vessel wall 
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in gray scale while simultaneously imaging the flow lumen in 
color. In fact, since angiography only images the flow lumen 
and not the vessel wall, color-flow Doppler imaging has the 
potential to quantitate stenosis even more accurately than 
angiography can. In addition, since flow patterns are displayed 
with color-flow Doppler imaging, the local hemodynamic con- 
sequences of the lesions can be identified. 

Rigorous Clinical trials will be necessary to determine the 
exact impact of this new imaging technique on the diagnosis 
of carotid vascular disease. However, on the basis of our 
initial clinical evaluations, we have little doubt that color-flow 
Doppler imaging will lead to further improvements in the 
noninvasive evaluation of extracranial neurovascular disease. 
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Memorial 





Catherine Cole-Beuglet, 1936-1987 


Catherine Cole-Beuglet received her bach- 
elor's degree from the University of Western 
Ontario, London, Ontario, in 1958 and her 
M.D. from the same institution in 1962. A 
rotating internship at Harper Hospital, De- 
troit, MI, was followed by a residency in 
radiology at Henry Ford Hospital, Detroit, MI, 
completed in 1966. She widened her circle of 
friends and admirers by her staff and aca- 
demic appointments as Staff Radiologist, 
Henry Ford Hospital, 1966-1967; Teaching 
Associate, University of Michigan Medical 
Center, Ann Arbor, 1967-1968; Assistant 
Professor of Radiology, McGill University and 
Montreal General Hospital, Montreal, Que- 
bec, 1968-1975; Assistant Professor of Ra- 
diology, University of Washington, Seattle, 
WA 1975-1976; and Assistant Professor of 


Radiology, University of California, Irvine, Ir- 
vine, CA, 1977-1978. 

Her next 6 years were spent as Associate 
Professor of Radiology and Professor of Ra- 
diology at Thomas Jefferson University Hos- 
pital, Philadelphia, PA. She joined the staff at 
the University of California, Irvine, as Profes- 
sor of Radiological Sciences and Chief of the 
Division of Ultrasound in 1985. She was also 
active in CT and mammography services until 
her untimely death on May 16, 1987, from 
cancer of the colon. 

Throughout her career, Cathy was a fine 
academic radiologist; an excellent investiga- 
tor; and a warm, pleasant, and helpful 
teacher and colleague. She had 63 scientific 
publications to her credit, most of them on 
sonography and many on sonographic stud- 


ies of the breast. She frequently served as 
visiting professor, and she prepared many 
presentations for international meetings and 
scientific exhibits. One expression of the high 
regard in which she was held was that the 
5th International Congress on Ultrasonic Ex- 
amination of the Breast was dedicated to her 
memory. 

Cathy served as a member of the Editorial 
Board of Radiology since 1982: her percep- 
tive and penetrating reviews were of great 
service to the radiologic literature. 

Cathy is survived by her husband and a 
son. She will be greatly missed in all of her 
academic activities but most of all as a de- 
voted and giving individual. 

William R. Eyler 
Detroit, MI 48202 
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Greenfield Filter: Percutaneous 
Placement in 50 Patients 





Greenfield filters for prevention of pulmonary emboli may be placed in the inferior 
vena cava by surgical cutdown or by percutaneous insertion through the femora! or 
jugular veins. We evaluated the use of the percutaneous techniques 52 times in 50 
patients. The right femoral vein was used in 37 of the procedures, the right internal 
jugular vein in 12, and the left femoral vein in three. Twenty-two patients had altered 
coagulation factors: 11 were receiving heparin, four were receiving warfarin sodium, six 
had hepatic cirrhosis, and one had disseminated intravascular coagulation and had 
been receiving warfarin sodium. Filter placement was successful in 51 of 52 procedures. 
In the unsuccessful case, placement was attempted via the left femoral vein; the carrier 
could not be advanced from the common iliac vein to the inferior vena cava. This patient 
required surgical occlusion of the cava. There was one major complication, a hematoma 
in the right side of the groin that required transfusion. This occurred in the patient with 
disseminated intravascular coagulation who had extensive scarring from multiple pre- 
vious vascular surgical procedures. Two patients required second filters because of 
severe angulation of the filter found 1 and 4 days after implantation. Clinical thrombosis 
of the femoral vein after femoral vein access occurred in two (5%) of 40 patients and 
was proved by venogram in one. 

Our experience shows that the percutaneous method is highly successful and sug- 
gests that this technique should be the primary method for filter placement in the inferior 
vena Cava. 


The most commonly performed procedure for interruption of blood flow in the 
inferior vena cava is placement of a Greenfield filter (Medi-tech, Watertown, MA) 
via a Cutdown of the jugular or femoral vein. Percutaneous placement of the 
Greenfield filter by using a 24-French sheath, described by Tadavarthy et al. [1], 
offers simplicity and speed, and such placement eliminates a surgical scar and the 
need for an operating room. Our initial experience with the percutaneous technique 
in 12 patients was highly favorable [2]. While several devices requiring a smaller 
access tract may be available in the future, only the Greenfield filter is approved at 
the present time for percutaneous implantation. 

We describe the results and complications of percutaneous placement of a 
Greenfield filter in 50 patients, including the first 12 patients previously reported. 


Subjects and Methods 


Between May 1984 and October 1986, percutaneous placement of a Greenfield filter was 
attempted 52 times in 50 patients. The right femoral vein was used in 37 procedures, the 
right internal jugular vein in 12, and the left femoral vein in three. There were 38 men and 32 
women ranging in age from 20 to 88 years (mean, 62 years). 

At the time of filter placement, 22 patients had alterations in coagulation function. Eeven 
patients were heparinized; their partial thromboplastin times varied between 1.5 and 2.5 times 
control. For these 11, heparin was stopped at the beginning of the procedure; protamine was 
not administered. Four patients were receiving warfarin sodium and had prothrombin times 
in the therapeutic range. These patients received one or two units of fresh frozen plasma 
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before the start of the procedure. Six patients had hepatic cirrhosis 
with mildly elevated prothrombin times despite the administration of 
vitamin K. One patient had disseminated intravascular coagulation 
and also was receiving warfarin sodium. Coagulopathy in this patient 
persisted despite administration of 50 units of fresh frozen plasma. 

Placement of the filter was performed by using the technique 
described by Tadavarthy et al. [1]. For better control of bleeding 
through the sheath, a 24-French Coons/Amplatz sheath (Medi-tech, 
Watertown, MA) was used in place of the originally described Amplatz 
sheath. The Coons/Amplatz sheath has a soft, Silastic cuff at the 
external end that may be pinched shut, allowing better control of 
bleeding through the sheath. 

When the right internal jugular vein was used for access, the 
patient's legs were raised on a bolster to minimize the risk of air 
embolism during inspiration. This maneuver was attempted because 
a tilt table (our preference) was unavailable. In addition, the patient 
was asked to perform the Valsalva maneuver when the carrier was 
being advanced through the sheath. To avoid difficulty in passing the 
carrier through the right atrium into the inferior vena cava, a straight, 
180-cm-long, 0.035-in. (0.89-mm) guidewire was substituted for the 
145-cm-long guidewire provided with the carrier, allowing the carrier 
to be exchanged for the catheter used for venacavography. 

After compression of the puncture site, adhesive strips were 
applied to appose the skin edges. For those patients with deep vein 
thrombosis of the leg or with pulmonary embolism in whom antico- 
agulation was not contraindicated, heparin was administered again 
in 2 hr. Ambulatory patients were kept in bed for 8-24 hr. 

Clinical follow-up consisted of examining the puncture site on the 
day of and on the day after the procedure. For patients undergoing 
femoral vein procedures, the leg on the side of the puncture was 
examined for swelling or other indirect evidence of deep venous 
thrombosis. In addition, the patient's physician was contacted after 
1 week and was questioned about symptoms or signs of leg swelling 
or puncture-site complications. 


Results 


Filter placement was successful in 49 of 50 patients. The 
fiter was placed above the renal veins in two patients who 
had infrarenal caval thrombus. The remaining filters were 
placed in the inferior vena cava below the lowest renal vein 
seen on cavography. Compression of the puncture site usu- 
ally required 5-15 min. 

The single unsuccessful percutaneous attempt was via the 
left femoral vein in a patient who had thrombosis of the right 
femoral and iliac veins on venography and who previously 
had had surgical ligation of the right internal jugular vein. 
While left femoral vein dilatation was easily performed, the 
filter carrier could not be advanced through the common iliac 
vein into the inferior vena cava, despite the use of a heavy- 
duty 0.038-in. (0.97-mm) guidewire. Surgical clipping of the 
inferior vena Cava was required. 

There was one major puncture site complication, which 
occurred in a 66-year-old man receiving warfarin sodium who 
previously had had an aortobifemoral graft and two right 
femoropopliteal grafts. This patient had disseminated intra- 
vascular coagulation and acute gastrointestinal bleeding, with 
a prothrombin time elevated above the therapeutic range 
despite administration of 50 units of fresh frozen plasma. 
Right femoral venipuncture and filter placement were accom- 
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plished through the extensively scarred groin. After place- 
ment, prolonged bleeding occurred at the puncture site de- 
spite local pressure and topical application of Avitene (Alcon, 
Humacao, Puerto Rico) and Surgicel (Johnson and Johnson, 
New Brunswick, NJ). Hemorrhage eventually was controlled 
without surgery, but an extensive hematoma required trans- 
fusion of two units of packed red blood cells. 

Two patients who had had filters implanted via the right 
femoral vein were found to have a filter tilt of more than 15° 
and a caudal migration of 1-2 cm on radiographs obtained 
for unrelated indications. On a repeat cavogram, the apex of 
the filter was seen to be lying against the lateral wall of the 
cava; the filter legs did not appear to have migrated through 
the opposite wall. Because of concern that the tilt would 
defeat the filtering function [3, 4], in one patient a second 
filter was placed through the right jugular vein 1 day after the 
original implantation; in another patient it was inserted through 
the right femoral vein 4 days after the original implantation. 

Two patients developed swelling of the ipsilateral leg after 
placement via the femoral vein. The first was the patient in 
whom placement via the left femoral vein had been unsuc- 
cessful. Swelling of the left leg developed 2 days after the 
procedure, and thrombus was shown by venography 6 days 
after the procedure. This patient also had pulmonary emboli, 
hepatic cirrhosis, and variceal hemorrhage. The second pa- 
tient was admitted with deep venous thrombophlebitis of the 
left leg and metastatic melanoma. Swelling of the right leg 
developed 4 days after the right femoral procedure; venog- 
raphy was not performed. No clinical signs or symptoms of 
new deep venous thrombophlebitis developed in the patients 
having the remaining 35 femoral vein procedures in the 1- 
week follow-up period. 


Discussion 


The initial experiences of Tadavarthy et al. [1] and Denny 
et al. [2] indicated that the percutaneous method for place- 
ment of a Greenfield filter might be preferable to venous 
access by cutdown. Our present results support this conclu- 
sion. Cutdown rarely should be necessary. In the only unsuc- 
cessful procedure in our series, direct surgical clipping of the 
cava was required because of restricted venous access. 

The preferred route of access in surgical series is via the 
right internal jugular vein [3, 5]. Despite the low risk of clinically 
evident femoral vein thrombosis in our series (two of 40 
procedures or 5%), the right femoral vein remains our pre- 
ferred route of access for percutaneous placement for several 
reasons. Femoral venipuncture is much more familiar to an- 
giographers than is jugular venipuncture, and it avoids the 
risks of air embolism, cardiac arrythmia, and inadvertent 
release of the filter either in the heart or in the renal or hepatic 
veins. In addition, jugular venipuncture carries the risks of 
carotid artery puncture, pneumothorax, and hemopericardium 
[6]. 

Although we avoided left femoral access because of the 
reported difficulty in passing the filter carrier through the left 
iliac veins after cutdown [7], we were successful in two of 
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three cases using this percutaneous approach. 

Just as in surgical series [5], we do not consider antico- 
agulation therapy a contraindication to the percutaneous 
route if prothrombin and partial thromboplastin times are 
within the therapeutic range. In the patients with hepatic 
cirrhosis, prothrombin times were elevated only mildly, and 
hemostasis at the puncture site was obtained easily. How- 
ever, our only major complication was in the patient with a 
severe, uncorrectable coagulopathy. It is impossible to say 
which was of more significance in this patient, his dissemi- 
nated intravascular coagulation or his severe groin scarring 
from previous surgical procedures. We now avoid a percuta- 
neous approach through extensive scar tissue, but we do not 
have sufficient experience to say whether severe coagu- 
lopathy is a contraindication to percutaneous filter placement. 

Our experience in our first 50 patients shows placement of 
a Greenfield filter by a percutaneous approach to have a high 
success rate, comparable with that of placement by surgical 
cutdown. The advantages of the percutaneous approach— 
ease and speed of placement—may be even more apparent 
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when percutaneous devices requiring an 8- to 14-French tract 
are available for clinical use. 
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The Collapsed Inferior Vena Cava: 
CT Evidence of Hypovolemia 





In a review of 100 patients undergoing abdominal CT for blunt abdominal trauma, 
seven had flattening of the infrahepatic inferior vena cava at multiple levels. In six of 
these patients, emergency surgery was required to control major hemorrhage. Three 
patients had hypotension documented during or shortly after abdominal CT. Five patients 
had major intraabdominal injuries, and one patient had massive hemorrhage from facial 
lacerations. The severity of the blood loss was not fully appreciated clinically in five of 
the six patients before CT. The seventh patient had no clinical evidence of significant 
blood loss; in this case the flattened inferior vena cava probably was related to a normal 
variant. In a group of 100 patients scanned for nonacute conditions, none had flattening 
of the infrahepatic inferior vena cava at multiple levels. 

Presence of a collapsed inferior vena cava may be CT evidence of significant 
hypovolemia from major blood loss and should prompt careful hemodynamic and central 
venous pressure monitoring. 


High-resolution CT has contributed significantly to the diagnosis and manage- 
ment of patients with abdominal trauma [1-6]. We recently identified seven patients 
undergoing CT for abdominal trauma who had a collapsed infrahepatic inferior vena 
cava (IVC) at multiple levels. Six of these patients experienced major blood loss 
from traumatic lesions. In five patients, this was not fully appreciated clinically 
before CT. The presence of a collapsed IVC may be an important CT sign of 
hypovolemia resulting from major blood loss. 


Materials and Methods 


The abdominal CT scans and medical records were retrospectively reviewed in 100 
consecutive patients with abdominal trauma from January to June 1987. The appearance 
and configuration of the IVC were evaluated in each case. For the purposes of this study, 
collapse of the IVC was defined as flattening of the infrahepatic portion of the IVC over at 
least three sections made at 1-cm intervals. 

The medical records were reviewed to determine the hemodynamic status of the patients 
during the 24-hr period before and after the CT examination. This was to identify patients 
who had sustained major blood loss and who had clinical evidence of hypotension and/or 
hypovolemia at the time of the scan. 

To determine the frequency of a collapsed IVC in a control group, we noted the appearance 
of the IVC in 100 patients undergoing CT for nonacute conditions such as diagnosis and 
staging of intraabdominal malignancies. 

All scans were performed with a GE 9800 CT scanner with a 2- to 3-sec scan time. Scans 
were made during suspended respiration with quiet breathing. Patients were instructed to 
breath-hold during the scanning without deep inspiration or expiration. 


Results 


Seven of the 100 patients scanned because of abdominal trauma had flattening 
of the inferior vena cava over at least three sections made at 1-cm intervals (Figs. 
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Fig. 1.—CT scan shows collapsed inferior 
vena cava (IVC) in patient with marked blood 
loss due to facial lacerations. Renal veins as well 
as IVC are collapsed (arrows). Despite clinical 
evidence of hypovolemia, renal excretion of con- 
trast material is normal. 


1-3). The renal veins were also bilaterally flattened in all seven 
patients. In six of the seven patients, major blood loss oc- 
curred and emergency surgery was necessary. Three patients 
had hypotension (systolic blood pressure < 100 mm Hg) 
during or after abdominal CT. In six, hematocrit levels fell to 
more than 20% of what they had been at the time of admis- 
sion, and two had abnormally low central venous pressure 
measurements. The seventh patient had no significant blood 
loss or hypovolemia. Of the six patients that required emer- 
gency surgery, massive blood loss was caused by visceral 
injuries in five and by extensive facial trauma in one. Three of 
the patients died, two during surgery from hypovolemic shock 
and one immediately after surgery because of myocardial 
infarction associated with hypovolemia that had occurred 
during surgery. 

Review of the medical records of the seven patients with a 
collapsed IVC on CT showed that only one was recognized 
Clinically as having significant blood loss immediately before 
the CT scan. This patient had a systolic blood pressure of 80 
mm Hg, a pulse of 135/min, and a hematocrit of 19%. Another 
patient had a limited CT examination because he became 
hypotensive during the study. This patient underwent emer- 
gency laparotomy but died in the operating room from hem- 
orrhagic shock due to a laceration of the right hepatic vein. 

None of the remaining 93 patients in whom the IVC was 
normal had clinical evidence of hemodynamic instability or 
significant hypovolemia during or shortly after CT. Usually, 
central venous pressure was not monitored in these cases. 
Twenty-six of the 48 patients with parenchymal visceral inju- 
ries in this group required surgical intervention because of the 
initial CT findings and/or the presence of a falling hematocrit. 
None of these patients was shown clinically to have sudden 
hemodynamic deterioration in the immediate period after the 
CT scan. 

Of the 100 patients scanned because of nonacute indica- 


tions, the IVC appeared rounded or oval in 98. Two patients 
had flattening of the IVC seen at a single CT level. Neither of 


Fig. 2.—CT scan shows collapsed inferior vena 
Cava (curved arrow) in patient with hemorrhagic 
shock due to superior mesenteric artery lacera- 
tion. Large hemoperitoneum in right paracolic gut- 
ter (straight arrow) is also evident. 
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Fig. 3.—CT scan shows flattened inferior 
vena cava (arrow) in patient without hypovole- 
mia. This finding was present at multiple levels 
and is most likely due to a congenital abnormality 
of inferior vena cava or deep inspiration during 
scan acquisition. 


these patients, however, had evidence of a flattened IVC at 
multiple levels. 


Discussion 


In patients undergoing CT for abdominal trauma, a col- 
lapsed inferior vena cava at multiple levels may be an impor- 
tant sign of hypovolemia resulting from major hemorrhage. 
Six of the seven patients with this finding had clinical evidence 
of significant blood loss during or immediately after the scan. 
Five patients had major intraabdominal injuries, and one pa- 
tient had massive focal trauma. The extent of the blood loss 
was not fully appreciated clinically in five of these patients 
before CT. 

The collapse of the IVC in the patients with hypovolemia is 
most likely due to decreased venous return. In some cases 
the demonstration of the collapsed IVC preceded the clinical 
detection of shock. Only two of these six patients with hy- 
povolemia and a collapsed IVC on CT had shock nephro- 
grams. The reason for the flattened IVC in the patient who 
did not have hypovolemia is unclear. It may represent a rare 
congenital abnormality of the IVC, or it may be related to a 
sudden deep inspiration during scan acquisition. A collapsed 
IVC must be identified at multiple levels in order for it to be 
considered a sign of hypovolemia. 
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Case Report 





Splenic Artery Pseudoaneurysms Causing Lower 


Gastrointestinal Hemorrhage 


T. Gregory Walker,’ Stuart C. Geller, and Arthur C. Waltman 


Acute massive lower gastrointestinal hemorrhage is most 
frequently due to diverticulosis [1]. The diagnostic evaluation 
generally consists of endoscopy and radionuclide studies. In 
a small number of patients, however, the source of bleeding 
remains unknown, despite the use of these techniques. In 
such patients, angiography may be useful and occasionally 
may show that the source of bleeding involves the arterial 
supply to the upper gastrointestinal tract, despite the clinical 
presentation. We report three patients who presented with 
massive lower gastrointestinal hemorrhage in whom unsus- 
pected splenic artery pseudoaneurysms were identified by 
angiography. All had a known history of pancreatitis. 


Case Report 


A 63-year-old man with lower gastrointestinal bleeding underwent 
right colectomy at another hospital after an angiographic diagnosis 
of angiodysplasia. Because of continued lower gastrointestinal bleed- 
ing and a history of pancreatitis, a noncontrast CT scan was per- 
formed. This showed a pancreatic mass, which was interpreted as a 
pancreatic pseudocyst. The patient was subsequently referred to our 
hospital while actively bleeding, where he underwent upper gastroin- 
testinal endoscopy, which was reported as normal. Repeat arteriog- 
raphy showed a splenic artery pseudoaneurysm (Fig. 1) correspond- 
ing to the mass that had been incorrectly interpreted as a pancreatic 
pseudocyst. At surgery, the pseudoaneurysm was found to be in 
communication with the pancreatic duct. Active pancreatitis was not 
evident. 
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Discussion 


Splenic artery pseudoaneurysms are a well-recognized yet 
infrequent cause of gastrointestinal hemorrhage [2]. In pa- 
tients in whom pseudoaneurysm is unsuspected, the source 
of hemorrhage may not be Clinically apparent. Multiple diag- 
nostic procedures (e.g., endoscopy, radionuclide studies) are 
often performed before angiography, without detecting the 
source of the bleeding. These techniques may localize the 
level at which blood enters the gastrointestinal tract but may 
fail to further characterize the source of hemorrhage. Angiog- 
raphy may then be the only means by which the conclusive 
diagnosis is made [3, 4]. 

Visceral artery pseudoaneurysms that occur in association 
with inflammatory disease, such as pancreatitis, most com- 
monly involve the splenic artery and its branches [2, 5]. The 
pathogenesis of pseudoaneurysm formation is the weakening 
and eventual destruction of the arterial wall by pancreatic 
enzymes released locally by the inflammatory process. 
Spread of the inflammatory process also occurs along fascial 
planes, so that virtually any intraperitoneal or extraperitoneal 
space may be involved. With progressive expansion of the 
pseudoaneurysm, eventual rupture into any of the adjacent 
structures may occur. Alternatively, a pancreatic pseudocyst 
may erode into a visceral vessel and thus convert the pseu- 
docyst into a large pseudoaneurysm [6, 7]. 

In the case we describe, a pancreatic pseudocyst was 
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Fig. 1.—Celiac arteriogram reveals pseudo- 
aneurysm (black arrows) of splenic artery. Pan- 
creatic calcifications are also visible (white ar- 
rows). 


Fig. 2.—Splenic arteriogram obtained in 31- 
year-old man with history of esophageal varices 
and upper gastrointestinal hemorrhage who pre- 
sented with massive lower gastrointestinal hem- 
orrhage. Upper endoscopy failed to reveal a 
source of bleeding. Arteriogram reveals a splenic 
artery pseudoaneurysm surrounded by an avas- 
cular area of thrombus (arrows). Pseudoaneurysm 
was successfully embolized with a 4-mm detach- 
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Fig. 3.—Celiac arteriogram obtained in 42- 
year-old man with known chronic pancreatitis 
who was admitted with hypotension and massive 
lower gastrointestinal bleeding. Upper endos- 
copy was normal; sigmoidoscopy to 20 cm dem- 
onstrated bright red blood. Arteriogram shows a 
splenic artery pseudoaneurysm (arrows). At sur- 
gery this was found to have eroded into splenic 
flexure of colon. 


able balloon, and bleeding stopped. 


incorrectly diagnosed on the noncontrast CT scan. If this 
examination had been performed with injection of IV contrast 
material, the splenic artery pseudoaneurysm would most likely 
have been correctly identified. 

We have encountered two additional patients who pre- 
sented with massive lower gastrointestinal hemorrhage of 
unknown origin and in whom splenic artery pseudoaneurysm 
was detected with arteriography (Figs. 2 and 3). These pa- 
tients also had a known history of pancreatitis but had normal 
findings on upper gastrointestinal endoscopy. Recognition of 
the source of hemorrhage in all patients involved a thorough 
angiographic evaluation, with attention to vascular beds that 
did not necessarily correspond to the patient's symptomatol- 
ogy. Despite the common pathology of a splenic artery pseu- 
doaneurysm, the site of the bleeding in each patient depended 
on which visceral structures were in communication with the 
pseudoaneurysm. 

In patients with unexplained lower gastrointestinal bleeding, 
who are referred for diagnostic arteriography, the vascular 
evaluation generally includes both the superior and inferior 
mesenteric arteries. If a source is not readily apparent from 
the mesenteric arterial supply, the examination should then 
include celiac and more selective arteriography as indicated, 
even though the symptoms may not suggest the celiac trunk 


or its branches as a source for the bleeding. Although this 
practice is a well-accepted one, the cases we describe further 
emphasize the importance of examining all potential vascular 
sources for hemorrhage. 
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Pictorial Essay 





The Popliteal Artery and Its Branches: Embryologic Basis 
of Normal and Variant Anatomy 


Matthew A. Mauro,’ Paul F. Jaques,’ and Melissa Moore” 


In 1929, Senior [1] first related popliteal artery embryology 
to adult anatomic variants. Many of the variants can be 
explained by combinations of persistent primitive arterial seg- 
ments, abnormal fusions, or segmental hypoplasia or ab- 
sence. Knowledge of the anatomic variability in this region 
may have clinical implications regarding vascular grafting, 
direct surgical repair, transluminal angioplasty, embolectomy, 
or the diagnosis of arterial injury. In addition, a knowledge of 
the embryology of the popliteal artery provides a better un- 


Fig. 1.—Normal popliteal arterio- 
gram. P = popliteal artery, at = anterior 
tibial artery, pt = posterior tibial artery, 
pe = peroneal artery, tp = tibioperoneal 
trunk. 


Fig. 2.—Trifurcating popliteal artery 
(P). at = anterior tibial artery, pt = pos- 
terior tibial artery, pe = peroneal artery. 


Fig. 3.—Digital subtraction arterio- 
gram of peroneal artery (pe) arising 
from low anterior tibial artery (at). Knee 
joint is approximately at level of poplit- 
eal artery (P) stenosis. pt = posterior 
tibial artery. 
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derstanding of the development of atherosclerotic popliteal 
artery aneurysms and the popliteal artery entrapment syn- 
drome. 


Materials and Methods 


Between 1984 and 1985, 421 lower extremity arteriograms (421 
patients) were performed at the North Carolina Memorial Hospital. 
We reveiwed these arteriograms retrospectively for the arterial anat- 
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Fig. 7.—Diagram showing embryologic development of arteries to leg. 
Proximal sciatic artery regresses to be represented by inferior gluteal 
artery. Anterior tibial artery initially arises as a branch of popliteal artery 
and passes anteriorly to popliteus muscle; anterior tibial artery is replaced 
in humans by a superficial popliteal artery that passes posteriorly to 
popliteus muscle. 


omy of the popliteal artery and its branches and for the arterial 
anatomy at the ankle. Seventy-eight (19%) arteriograms were ex- 
cluded from the study because the extent of the disease precluded 
Satisfactory classification. Thus, 343 arteriograms were available for 
analysis. 


Fig. 4.—High anterior tibial artery 
(at) origin and peroneal artery (pe) aris- 
ing from tibioperoneal trunk. P = pop- 
liteal artery, tp = tibioperoneal trunk, pt 
= posterior tibial artery. 


Fig. 5.—Peroneal artery (pe) arising 
from high anterior tibial artery (at). It is 
uncertain whether anterior tibial artery 
passes deep or superficially to popli- 
teus muscle. Patient’s opposite leg is 
shown in Fig. 1. P = popliteal artery, pt 
= posterior tibial artery. 


Fig. 6.—Angiographic differentiation 
between deep and superficial high an- 
terior tibial artery (at) is usually not 
possible with only an anteroposterior 
projection. In this case, unusual medial 
course of anterior tibial artery, appar- 
ently crossing the tibioperoneal trunk, 
indicates a different anatomic plane, 
deep to the popliteus muscle. P = pop- 
liteal artery, pt = posterior tibial artery, 
pe = peroneal artery. 


Results 


Of the 343 arteriograms available for adequate classifica- 
tion of limbs, 88% had normal arterial branching (Fig. 1). The 
popliteal artery courses between the two heads of the gas- 
trocnemius muscle across the lower popliteal fossa and gives 
rise to the anterior tibial artery at the lower border of the 
popliteus muscle. The popliteus muscle originates from the 
lateral femoral condyle and lateral meniscus and inserts on 
the soleal line of the tibia. The tibioperoneal trunk and the 
posterior tibial artery are the continuation of the popliteal 
artery. The peroneal artery arises at a variable position from 
the posterior tibial artery. The variant patterns identified in- 
cluded: trifurcating popliteal artery, 4.1% (Fig. 2); the peroneal 
artery arising from a normal anterior tibial artery, 1.2% (Fig. 
3); a high origin of the anterior tibial artery at the upper border 
of the popliteus muscle and passing either superficially or 
deep to the popliteus muscle, 2.3% (Figs. 4 and 5); a high 
origin of the anterior tibial artery passing either superficially 
or deep to the popliteus muscle with the peroneal artery 
arising from the anterior tibial artery, 0.9% (Fig. 6); and 
abnormal regression of distal segments where the posterior 
and/or anterior tibial arteries are hypoplastic or absent, 2.3%. 


Discussion 


The lower extremity blood supply is detectable in the 9-mm 
embryo [1]. The sciatic artery, also referred to as the ischiatic 
or axial artery, is a branch of the internal iliac artery and is 
the major supplier to the early developing limb bud. By the 
14-mm embryo stage, the femoral artery, a branch of the 
external iliac artery, has anastomosed with the sciatic artery 
and become the major supply vessel to the lower limb [2]. 
The more proximal sciatic artery regresses to be represented 
by the inferior gluteal artery and the artery to the sciatic nerve 
in the adult. The primitive middle and distal sciatic artery 
segments persist to form the definitive popliteal and peroneal 
arteries. The anterior tibial artery arises as a branch of the 
popliteal artery and initially runs anteriorly (deep) to the popli- 
teus muscle. This is the usual definitive primate anatomy. In 
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humans, however, the early anterior tibial artery is replaced 
by a superficial popliteal artery that passes posteriorly (Su- 
perficially) to the popliteus muscle, which then gives rise to 
the definitive anterior tibial artery [3]. The posterior tibial artery 
is formed by an anastomosis between the early distal femoral 
artery and the popliteal artery [4] (Fig. 7). The definitive 
anatomy is completed by 3 months gestation [1]. 

The embryonic vascular development determines the ana- 
tomic variability. Thus, embryonic vessels may either persist 
or degenerate (degeneration of these vessels is normal), or 
abnormal fusions may occur [4] (Fig. 8). In their review of 
arterial variations, Lippert and Pabst [3] illustrate an anomaly 
not identified in our series: a vessel directly connecting the 
popliteal artery at the level of the knee joint to the proximal 
portion of the tibioperoneal trunk, forming what they have 
called an “island” [3] (Fig. 8D). This is a rare anomaly and 
thought to represent a persistence with abnormal fusion of 
the popliteal artery. 

The determination of whether a high anterior tibial artery 
courses superficially or deep to the popliteus muscle is often 
difficult on an anteroposterior arteriogram. We believe that an 
initial medial course of the anterior tibial artery (which then 
travels laterally, apparently crossing the tibioperoneal trunk) 
indicates that these vessels are in different anatomic planes. 
In these cases, the tibioperoneal trunk courses superficially 
and the anterior tibial artery courses deep to the popliteus 
muscle (Fig. 6). The probability is approximately 10% that any 
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Fig. 8.—Anatomic variations of popliteal artery 
and its branches. Diagrams represent posterior 
views of popliteal fossa in which stippled structure 
represents popliteus muscle. 

A, Normal. 

B, Trifurcating popliteal artery. 

C, Peroneal artery arising from low anterior tibial 
artery. 

D, “Island” popliteal artery (very rare); this pat- 
tern was not identified in our series. 

E, High anterior tibial origin passing superficial 
to popliteus muscle. 

F, Same as E with peroneal artery arising from 
anterior tibial artery. 

G, Same as E with anterior tibial artery passing 
deep to popliteus muscle. 

H, Same as F except anterior tibial artery 
passes deep to popliteus muscle. 

I, Absent posterior tibial artery. 


one limb will have an arterial anatomy that significantly differs 
from the normal. In these cases, there is a 50% chance that 
the contralateral lower leg will also be “non-normal” or variant 
[2]. 

Understanding the embryology and variant anatomy may 
have significant clinical implications. Vascular grafting and 
repair is indicated in a variety of disease processes, including 
atherosclerosis, emboli, and trauma. Anatomic variants will 
influence the surgical approach and dissection and the choice 
of suitable arterial graft sites. The trifurcating popliteal artery 
(Fig. 2) seen in 4.1% of limbs presents a particular technical 
challenge during angioplasty or embolectomy. Knowledge of 
an absent posterior or anterior tibial artery may prevent false 
diagnosis of arterial damage in trauma when the normal ankle 
pulses are absent or diminished. In the absence of the pos- 
terior and anterior tibial arteries, the peroneal artery becomes 
the sole supplier to the foot (arteria peronea magna) [1, 3]. 
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Invitation to the 1988 American Roentgen Ray Society 
Meeting in San Francisco, CA, May 8-13, 1988 


| am pleased to extend an invitation to all radiologists to 
attend the 88th annual meeting of the American Roentgen 
Ray Society in San Francisco, CA, May 8-13, 1988. In 
keeping with the ARRS tradition, outstanding scientific and 
social programs will be provided. 

The excitement of a meeting set in the center of San 
Francisco requires no further description. The opportunity for 
busy radiologists to attend a major national meeting while 
enjoying such an environment is ideal. 

The scientific program, instructional courses, and categor- 
ical course are certain to be interesting and informative (see 
Table 1 for schedule). 


Scientific Program 


Two hundred scientific papers have been selected from a 
record submission of 650 abstracts. Scientific sessions will 
be devoted to all major body systems, angiography, interven- 
tional techniques, sonography, and mammography. Special 
emphasis has been placed on discussion of newer develop- 
ments. 

The innovative and extremely well-received Friday morning 
minisymposium is entitled “Chest Imaging Update, 1988." 
Theresa McLoud and Gordon Gamsu have assembled an 
outstanding faculty for what | am sure will be a very stimulat- 
ing program. 


Instructional Courses 


Joseph Ferrucci, Chairman of the Instructional Course 
Committee, has put together 60 instructional courses. Faculty 
members have been drawn from across the entire country, 
with emphasis on luminaries from the West Coast. A super- 
lative educational experience is anticipated, and advance 
registration is recommended. 


Categorical Course 


An extraordinary categorical course on breast imaging has 
been fashioned by Stephen Feig. The course covers equip- 
ment, principles of diagnosis, biopsy techniques, screening, 
and all the important aspects of breast imaging. This course 
is certain to be popular, and advance registration is advised. 


Scientific Exhibits 


The 220 scientific exhibits coordinated by John Madewell 
will cover the entire breadth of the field of diagnostic radiology. 
The technical exhibits will be displayed in the same area as 
the scientific exhibits to enhance the interaction of the attend- 
ees with our technical exhibitors. 
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TABLE 1: Summary of 1988 American Roentgen Ray Society Meeting 
SS a a eS a SB SE tO A 


Sunday 
May 8 


9—noon 


Categorical course: 


breast imaging 


1:30-3 


Categorical course: 


breast imaging 
3:30-5:30 


Categorical course: 


Breast imaging 


Monday 
May 9 
8-9:30 
Instructional courses 


10-10:30 
Opening ceremonies 


10:30-12:30 
Scientific programs 


1:30-3:30 

Categorical course: 
breast imaging 

4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 


Tuesday 

May 10 
8-9:30 
Instructional courses 


10-12:30 
Scientific programs 


1:30-3:30 
Scientific programs 


4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 


Wednesday 
May 11 


8-9:30 
Instructional courses 


10-12:30 

Awards session/ 
Caldwell lecture 

1:30-3:30 

Scientific programs 


4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 


Thursday 
May 12 
8-9:30 
Instructional courses 


10-12:30 
Scientific programs 


1:30-3:30 
Scientific programs 


4-5:30 

Instructional courses 
and categorical 
course: breast im- 


aging 
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Friday 
May 13 
8-10 
Symposium: chest 
imaging update 


10:30-12:30 
Symposium: chest 
imaging update 


a 


Caldwell Lecture 


Donald L. Resnick of the University of California at San 
Diego has accepted an invitation to present the Caldwell 
Lecture for 1988. His lecture, “Common Disorders of Synovial 
Joints: Pathogenesis, Imaging Abnormalities, and Complica- 
tions,” promises to be a highlight of the meeting. 


Social Events 


San Francisco offers an unlimited number of diversions, 
and George Janetos, Chairman of the Local Arrangements 


Committee, has engaged Tours West to plan a variety of 
outstanding tours. The annual golf and tennis tournaments 
for attendees and their companions are scheduled for Mon- 
day. The traditional cocktail party given by the Society in the 
exhibit area for all registrants will be Tuesday evening and 
will provide a convenient meeting place before an evening on 
the town. 

This promises to be a truly outstanding event in exceptional 
surroundings. | hope you will be able to accept our invitation. 
Plan now to attend. 

Lee F. Rogers 
President-Elect, ARRS 
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1988 American Roentgen Ray Society Section on 
Instruction: Courses and Symposium 


Joseph T. Ferrucci, director 


Fifty-six instructional courses will be presented during the 
88th annual meeting of the American Roentgen Ray Society 
(ARRS) beginning Monday, May 9, and continuing through 
Thursday, May 12. In addition, there will be a series of courses 
on breast imaging and a symposium on chest imaging. Each 
of the courses will be 90 min long; no other activities are 
scheduled simultaneously. 

The Categorical Course in Breast Imaging will have 14.5 hr 
of instruction and will begin on Sunday, May 8, and conclude 
on Thursday, May 12. The Symposium on Chest Imaging 
Update will be on Friday, May 13, from 8 a.m. to 12:15 p.m. 
All courses carry Category 1 credit on an hour-to-hour basis. 


Registration Information 


To register for courses, complete the meeting registration 
form in this section and mail promptly. Tickets will be available 
at the Instruction Course Registration Desk, San Francisco 
Hilton and Tower, for courses that have not been sold out. 
All courses will take place in the headquarter’s hotel. 

After reviewing the course abstracts, select three for each 
day. List the course number and name of the first instructor 
on the registration form. 

All who register for the Categorical Course in Breast Im- 
aging (including ARRS members) must pay a fee of $75 and 
must take the entire series of classes. The categorical course 
totals 14.5 hr of instruction and includes a syllabus. 


Course Schedule 


Sunday, May 8, through Thursday, May 12 


The Categorical Course in Breast Imaging will have 14.5 hr 
of instruction over 5 days. Table 1 lists topics and instructors. 


Monday, May 9, through Friday, May 13 


A total of 56 courses will be offered (Table 2) plus a 
Symposium on Chest Imaging Update. Course abstracts and 
a list of faculty follow. 


Monday, May 9 


101. The analytic approach to the film. Jacobson HG. Diagnostic 
radiology is an imaging discipline that reflects with considerable 
accuracy gross pathologic changes that are transmitted through the 
imaging techniques used by the radiologist. In the “approach to the 
film,” a series of diagnostic parameters are considered in an organized 
fashion. Such an orderly evaluation generally permits an intelligent 
perusal of the findings in a given case and often results in a correct 
diagnosis, even in difficult cases. This approach implies adoption of 
the concept that the film speaks a basic language and that the 
radiologist functions as an interpreter of that language. If the language 
is understood, the interpretation should be accurate. This instructional 
course is planned to evaluate a number of cases of skeletal abnor- 
malities representative of the different subcategories (e.g., trauma, 
infection, neoplasm). It is hoped that residents in the group will 
volunteer to demonstrate the process of applying analytic techniques 
with the use of the various parameters selected. 


102. The radiology of vertebral trauma. Daffner RH. Trauma to the 
vertebral skeletal column is one of the most common injuries encoun- 
tered in the daily practice of radiology. The prompt assessment of 
bone and soft-tissue abnormalities in the “spine-injured patient” is of 
paramount importance in stabilizing any existing neurologic abnor- 
malities and in preventing additional ones. Furthermore, the inherent 
stability of the injured vertebral column must be assessed to deter- 
mine the need for surgical intervention and restoration of normal 
function. This course will be in four parts. Part |, Technique, 
discusses plain film, CT, and MR imaging as they apply to the 
evaluation of the spine-injured patient. Part Il, “Fingerprints” of ver- 
tebral injuries, revolves around a mechanistic classification of injuries 
broken into four categories: flexion, extension, shearing, and rota- 
tional injuries. The distinct radiographic findings or fingerprints of 
each type of injury will be discussed. Part Ill, The ABCs of vertebral 
trauma, will discuss the overall radiologic approach to these injuries 
in regard to abnormalities of alignment, bony integrity, cartilage or 
joint space, and soft tissue. Finally, Part IV, The radiologic assess- 
ment of vertebral stability, will define “stable” and “unstable” injuries 
and discuss the five main parameters that are used to determine the 
presence of an unstable lesion. 


103. Pulmonary emphysema in infants and children. Oh KS, New- 
man B. A review of the causes and radiographic manifestations of 
pulmonary emphysema in infants and children will be presented. This 
will include congenital, acquired, intrinsic, and extrinsic causes and 
bilateral, unilateral, and focal lesions. The discussion will emphasize 
an understanding of the pathophysiology of complete and incomplete 
airway obstruction and the collateral ventilatory pathways. The unique 
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TABLE 1: Categorical Course in Breast Imaging, May 8-12 


CY AS SS 2 ee aS TS 
Day/Time Topic/Presenter 








Sunday, May 8 


9:00-9:10 a.m. Welcome from the President 
(Gagliardi) 

9:10-9:15 a.m. Introduction (Feig) 

9:15-10:00 a.m. Xeromammography: princi- 


ples, equipment, tech- 
nique, quality control 
(Sickles) 

Screen-film mammography: 
principles, equipment, 
technique, quality control 
(Feig) 

American College of Radiol- 
ogy Mammography Ac- 
creditation Program (Mc- 
Lelland) 


10:30-11:30 a.m. 


11:30 a.m.—Noon 


1:30-2:15 p.m. Breast masses: differential 
diagnosis (Adler) 
2:15-3:00 p.m. Breast calcifications: differ- 
ential diagnosis (Rebner) 
3:30-4:10 p.m. Mammography of the 
treated breast (Paulus) 
4:10-4:50 p.m. Practical solutions to com- 
mon mammographic 
problems (Sickles) 
4:50-5:30 p.m. Prebiopsy localization of 


nonpalpable breast le- 
sions (Kopans) 
Monday, May 9 
1:30-2:10 p.m. Mammographic-pathologic 
correlation (Troupin) 
Breast ultrasound: equip- 
ment, technique, interpre- 
tation, accuracy (Bassett) 
Fine needle aspiration bi- 
opsy, ductography, pneu- 
mocystography (Logan) 
Panel: Diagnostic problem 
cases (Moderator: Feig; 
members: Bassett, Ko- 
pans, Rebner, Troupin) 
Panel: Subtle signs of carci- 
noma (Moderator: Feig; 
members: Adler, Logan, 
McLelland, Moskowitz, 
Sickles) 


2:10-2:50 p.m. 


2:50-3:30 p.m. 


4:00-4:45 p.m. 


4:45-5:30 p.m. 


Tuesday, May 10 


4:00-4:45 p.m. Issues in breast cancer 
screening (Moskowitz) 
4:45-5:15 p.m. How to establish a low-cost 
community screening pro- 
gram (McLelland) 
5:15-5:30 p.m. Discussion 
Wednesday, May 11 
4:00-4:30 p.m. Wording the mammography 
report (Feig) 
4:30-5:15 p.m. Medicolegal aspects of 
mammography (Brenner) 
5:15-5:30 p.m. Discussion 
Thursday, May 12 
4:00-4:30 p.m. Transillumination lightscan- 
ning (D 'Orsi) 
4:30-5:00 p.m. Breast MR (Alcorn) 
5:00-5:30 p.m. Digital mammography (Mer- 
ritt) 
5:30-5:35 p.m. Concluding remarks (Feig) 


INNS SE? SE ES SS SS EES STM ere eee Er <r Se n 
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appearance of emphysema in the neonate and the effects of pro- 
longed abnormal ventilation on the growing lung will be presented. 
An approach for the effective and appropriate use of radiographic 
imaging in diagnosis will be illustrated. 


104. Interventional radiology of the alimentary tract. Ring EJ, 
McLean GK. (1) Balloon catheters that were developed for angio- 
plasty offer a means of safely accomplishing dilatation of strictures in 
the gastrointestinal tract. The balloons are inserted and manipulated 
under fluoroscopic guidance to ensure an intraluminal location. The 
force of dilatation is perpendicular to the stricture; thus, overdisten- 
sion and rupture of the thin, dilated segment above the stricture is 
avoided. Preliminary results have been encouraging. Dawson re- 
ported a 90% success rate in a series of 20 patients. McLean 
reviewed long-term patency and found that 69% of patients were 
free of symptoms at 2 years. (2) Gastrointestinal intubation has 
become a routine procedure in the management of a variety of 
gastrointestinal disorders. Although usually placed for the relief of 
small-bowel obstruction, tubes increasingly are being used for enteric 
alimentation. Traditionally, placement of feeding tubes has relied on 
gravity and on intestinal peristalsis, but catheterization techniques 
can be used to position tubes rapidly in an appropriate location. This 
can be accomplished by a transnasal catheterization through a direct 
percutaneous transgastric approach or through a fistulous tract. (3) 
Enterocutaneous fistulae pose formidable problems because of fluid 
loss and associated intraabdominal abscesses. By using fluoroscopic 
guidance, the effluent from the bowel can be controlled by a large- 
bore tube placed either through the opening into the lumen of the 
bowel or immediately adjacent. Abdominal abscesses can be located 
and drained directly through the fistulous tract or percutaneously. As 
a mature fibrous tract forms, the tubes eventually can be removed, 
and the fistula closes much as the tract closes when the T-tube is 
removed from the biliary tree. (4) Percutaneous puncture of the 
alimentary tract has been used for enteric hyperalimentation and 
temporary decompression. The technique of percutaneous gastros- 
tomy and manipulation into the proximal bowel is well established. 
Recently, additional experience has been gained in directly puncturing 
and decompressing obstructed afferent loops after gastric surgery 
and in gaining access to the biliary tree after Roux-en-Y choledocho- 
jejunostomies. 


105. Practical aspects of MR image interpretation. Bradley WG. 
This is a practical course aimed at the radiologist who is (or soon will 
be) reading MR images. What do you really need to know to be 
competent in interpretation of MR images? The following questions 
are addressed: (1) What determines T1, T2, and proton-density 
contrast in the traditional spin-echo and inversion-recovery images 
and in the new fast low-angle shot-type techniques that use gradient 
echoes and reduced flip angles? (2) How does the protein content of 
a cystic lesion affect signal intensity through the mechanism of 
“hydration layer water”? Why does hemorrhage sometimes appear 
dark and sometimes bright? What is the effect of field strength and 
type of pulsing sequence (i.e., spin echoes or gradient-echo acquisi- 
tion)? Why do some paramagnetic substances (e.g., methemoglobin 
and gadolinium-DTPA) increase signal intensity and others (e.g., 
deoxyhemoglobin, hemosiderin, and ferritin) decrease signal inten- 
sity? (3) Why do flowing blood and CSF sometimes appear dark and 
sometimes bright? Exactly how do time-of-flight effects, turbulence, 
odd-echo rephasing, and diastolic pseudogating increase signal? Why 
do flowing blood and CSF appear bright on the new fast scan (e.g., 
fast low-angle shot and grade-recalled acquisition in steady state) 
images? How does one distinguish intraluminal pathology from high- 
intensity flow effects? How does one use the information in these 
flow phenomena and turn these “artifacts” to clinical advantage? 
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TABLE 2: American Roentgen Ray Society Instructional Courses: May 9-May 12, 1988 





Topic 


Residents’-masters’ tuto- 
rial: up Close and per- 
sonal 


Miscellaneous 


Pediatric radiology 


Vascular/Interventional 


MR Imaging 


Neuroradiology 


Skeletal radiology 


Genitourinary radiology 


Body imaging 


Sonography 


Spine imaging 


Gastrointestinal 


Cardiopulmonary 


Obstetric and Gyneco- 
logic Imaging 





Monday 


Tuesday 





Wednesday 


Morning (all sessions begin at 8 a.m.) 





101. The analytic approach 
to the film. Jacobson 


102. The radiology of ver- 
tebral trauma. Daffner 


103. Pulmonary emphy- 
sema in infants and chil- 
dren. Oh, Newman 


104. Interventional radiol- 
ogy of the alimentary 
tract. Ring, McLean 


105. Practical aspects of 
MR image interpretation. 
Bradley 


106. MR imaging: aging, 
dementia, and movement 
disorders. Drayer 


107. Radiology of the foot 
and ankle. Forrester, Kerr 


108. The new contrast me- 
dia: issues and answers. 
McClennan, Rosenquist 


109. Liver imaging—1988. 
Moss, Shuman 


110. Deep Doppler sonog- 
raphy. Taylor, Ralls 


201. How to invent new 
interventional tech- 
niques. Burhenne 


202. Imaging strategies 
for gastrointestinal 
and genitourinary can- 
cer: update 1988. 
McClennan, Thomp- 
son 

203. Pediatric abdomi- 
nal trauma. Kushner, 
Kuhn 


204. Renal hyperten- 
sion: etiology, imag- 
ing, and treatment. 
Hillman, Sos 


205. MR: basic princi- 
ples (Sans mathemat- 
ics) and practical con- 
siderations. Gray, 
Morin 


206. Modern imaging 
evaluation of brain tu- 
mors. Davis DO 


207. CT of the muscu- 
loskeletal system: 
flying high despite 
MR. Sartoris 

208. MR of the genito- 
urinary system. Hri- 
cak, Fritzsche 


209. Abdominal imaging 
in AIDS. Federle 


210. Vascular sonogra- 
phy. Gooding G, Gos- 
ink 


301. Fun with films (or 
things your mentor 
never told you). 
Jones 

302. How to get your 
manuscript pub- 
lished without a has- 
sle. Berk, Hilton, 
Whalen 


303. MR imaging and 
sonography of the 
child's genitourinary 
tract. Kangarloo 

304. Deep venous 
thrombosis and pul- 
monary embolism: 
diagnosis and inter- 
vention. Dorfman, 
Cronan 

305. MR of the abdo- 
men. Stark 


306. Neuroradiology 
of cerebrovascular 
disease. Brant-Za- 
wadzki 

307. MR of the mus- 
culoskeletal system. 
Bassett, Seeger 


308. Urinary stone 
disease: update 
1988. LeRoy, Bar- 
baric 

309. Pancreatic in- 
flammatory disease: 
radiologic diagnosis, 
staging, and man- 
agement of compli- 
cations. Freeny 

310. Sonography of 
the rotator cuff and 
of the infant’s hip. 
Crass, Harcke 


Afternoon (all sessions begin at 4 p.m.) 


111. MR imaging of the 
spine. Norman, Newton 


112. Radiographic pathol- 
ogy of the gastrointes- 
tinal mucosa. Ghahre- 
mani, Maklansky 

113. Advances in cardiac 
imaging—1988. Higgins, 
Lipton 


114. Diagnostic imaging in 
infertility. Fleischer, Win- 
field 


211. CT of disk disease 
and spinal stenosis. 
Helms 


212. Small bowel radiol- 
ogy: how to do it. 
Carlson, Maglinte 


213. Optimal use of 
chest CT and MR: 
when, how, and why. 
Feigin 

214. Obstetrical sonog- 
raphy. Part |. Leopold 


311. MR of the spine: 
degenerative dis- 
ease. Modic 


312. Biliary lithotripsy. 
Ferrucci, Burhenne 


313. Pulmonary 
thromboembolism. 
Dunnick, Ravin, Sul- 
livan 

314. Obstetrical so- 
nography. Part Il. 
Filly 


443 


Thursday 





401. A simplified approach 
to the radiologic exami- 
nation of the small 
bowel. Margulis 

402. SPECT imaging in 
Clinical nuclear medicine. 
Handmaker, Bunker 


403. CT and MR of dis- 
eases of childhood. 
Brasch, Gooding C 


404. Acquired diseases of 
the aorta and peripheral 
vasculature. Shetty, 
Haggar 


405. Technical advances 
in clinical MR imaging: 
fast scanning, surface 
coils, contrast agents. 
Edelman, Kneeland, 
Saini 

406. Neuroimaging of the 
sellar regions, including 
MR. Davis K 


407. MR of musculoskel- 
etal trauma and neopla- 
sia. Berquist, McLeod 


408. Genitourinary imag- 
ing strategies—1988. 
Davidson, Talner 


409. The modern ap- 
proach to imaging acute 
abdominal disorders. 
Jeffrey, Baker 


410. Ultrasound image 
interpretation. Is it real 
or is it an artifact? Coop- 
erberg 


411. Osteoporosis: patho- 
genesis, consequences, 
and bone-mineral den- 
sity. Genant, Rogers 

412. Imaging of inflamma- 
tory bowel disease. 
Goldberg, Thoeni, Wall 


413. Interventional radiol- 
ogy in the thorax and 
pleural space. Mueller, 
vanSonnenberg 

414. Endoluminal sonog- 
raphy: transvaginal and 
transrectal. Laing, Rifkin 
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106. MR imaging: aging, dementia, and movement disorders. 
Drayer BP. The imaging of the aging brain using magnetic resonance 
(MR) requires a thorough understanding of the normal and pathologic 
alterations that occur in the elderly: (1) White matter.—Scattered, 
small-signal hyperintensities are common in the cerebral white matter 
(and basal ganglia) in the distribution of noncollateralizing, perforating 
medullary (and lenticulostriate) arteries. Various potential pathologic 
changes have been reported, including etat crible, atrophic perivas- 
cular demyelination, gliosis, myelin pallor, and infarction. These find- 
ings are all compatible with an underlying arteriolopathy (e.g., hyper- 
tension) and/or hypoperfusion (e.g., cardiac dysfunction). (2) Basal 
ganglia.—Areas of decreased signal intensity on T2 images normally 
are seen in adults in the globus pallidus, red nucleus, reticular 
substantia nigra, and dentate nucleus (sites of maximal brain iron 
concentration). In the elderly, the putaminal signal hypointensity pro- 
gressively increases to become almost equal to that in the pallidum. 
Parkinson disease, particularly Parkinson disease that is poorly re- 
sponsive to medication (e.g., multiple-system atrophies: striatonigral 
degeneration, Shy-Drager, olivopontocerebellar atrophy), prematurely 
present with putaminal hypointensity that may even predominate over 
the globus pallidus, suggesting accelerated formation of free radicals 
and accumulation of iron or pigment. (3) CSF spaces.—Progressive 
enlargement of the third and lateral ventricles, cortical sulci, and 
subarachnoid space may occur with aging. Alzheimer disease pre- 
sents with dementia and an abnormal widening of the cortical sulci 
(cerebral atrophy). Abnormal hypointensity may be noted in the 
parietal cortex in half of patients, suggesting abnormal accumulation 
of iron. 


107. Radiology of the foot and ankle. Forrester DM, Kerr R. The 
purpose of this course is to provide a systematic approach to the 
diagnosis of common foot conditions (i.e., arthritis and sports injuries). 
The differential diagnosis of monarticular arthritis and pain in the big 
toe will be discussed. Comparison of the presentation of rheumatoid 
arthritis in the foot with gout and degenerative joint disease will be 
stressed. The use of CT and MR imaging will be discussed, with 
emphasis on evaluation of trauma and tumors. 


108. The new contrast media: issues and answers. McClennan 
BL, Rosenquist CJ. The recent introduction of new low-osmolarity, 
ionic, and nonionic contrast media in the United States has sparked 
controversy and engendered sharp debate that has focused largely 
on the current role in radiologic practice of these agents that have 
been approved by the U.S. Food and Drug Administration. It appears 
clear to many investigators that these new drugs are associated with 
better tolerance by patients and better acceptance and safety be- 
cause fewer physiologic alterations are associated with their use. 
Decreased morbidity and an apparent decrease in mortality, with 
equal or slightly improved diagnostic efficacy, have been documented. 
This refresher course will address and review the scientific evidence 
for use of low-osmolar ionic and nonionic contrast media in current 
Clinical practice. The indications and categories of patients at risk will 
be outlined. Economic issues, including cost-benefit analysis, cost 
to a radiology department, the aggregate cost to the health-care 
system, and appropriate responses of third-party payers will be 
discussed. The principal legal issues relating to informed consent and 
standards of care based on usual and customary practice also will 
be included. Finally, the moral and ethical aspects concerning the 
patients’ and the physicians’ roles in the decision-making process 
and payment choices will be reviewed. 


109. Liver imaging— 1988. Moss AA, Shuman WP. The liver contin- 
ues to be a topic of interest and the object of new developments in 
several imaging techniques. Combining information from CT, MR, 
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and sonography can help narrow differential diagnoses and charac- 
terize masses as probably benign or malignant. Some degree of 
hepatic tissue characterization can be achieved with MR, especially 
if fat-suppression or chemical-shift imaging are used; frequency- 
modulation sonography can provide additional assessment of tissue 
character. Both CT and MR can be used for assessing resectability 
of liver masses, particularly when CT and MR findings are combined 
with angiographic information. The issue of which technique is most 
sensitive and cost-effective for detecting focal masses in the liver 
continues to evolve, with new claims for sonography and MR. Recent 
new techniques have been developed for MR, including innovative 
pulse sequences, contrast agents, and artifact suppression, that 
improve its usefulness in liver imaging. Questions remain about the 
best technique for administration of contrast material in dynamic CT, 
the use of CT and angiography, and new CT contrast agents. 
Ultrahigh-resolution computed sonography and intraoperative sonog- 
raphy have had a definite impact on the diagnosis and management 
of liver tumors. A role for positron emission tomography may emerge; 
image resolution is advancing rapidly, and costs are decreasing. 
Finally, the value of interventional techniques in the liver is now widely 
accepted by many referring subspecialists, increasing the impact of 
the interventional radiologist on the workup of liver disease. 


110. Deep Doppler sonography. Taylor KJW, Ralls PW. Recent 
advances in instrumentation have made abdominal Doppler sonog- 
raphy one of the most exciting areas of investigation in diagnostic 
sonography. In this session, we will discuss various features of 
abdominal Doppler sonography, including instrumentation (duplex, 
continuous wave, and color flow), current clinical applications, and 
clinical areas under investigation. Normal arterial, portal venous, and 
systemic venous patterns will be described. Qualitative uses of 
abdominal Doppler sonography include identification of flow in unsus- 
pected areas, confirmation of flow in vascular structures, identification 
of vessel type, and differentiation of vascular from nonvascular struc- 
tures. The use of Doppler techniques in various Clinical situations will 
be discussed. Assessment of patients with portal hypertension will 
be discussed, including portosystemic shunts. Uses of Doppler tech- 
niques in tumors (Such as pancreatic carcinoma and hepatocellular 
carcinoma) will be evaluated. The use of Doppler sonography in organ 
transplantation, in assessing both vascular complications and sus- 
pected rejections, will be discussed. Other areas to be covered 
include ectopic pregnancy and venocclusive disease. Applications of 
abdominal color-flow Doppler sonography will be illustrated. 


111. MR imaging of the spine. Norman D, Newton TH. MR imaging 
has altered significantly the approach to diseases of the spinal column 
and cord. In almost all instances, MR should be selected as the 
primary imaging technique for intrinsic cord tumors, demyelinating 
processes, cavitary disease, congenital malformations, and vascular 
malformations. Pathologic processes such as cryptic malformations 
and demyelinating processes, heretofore overlooked or suspected 
on clinical grounds only, now can be imaged. Paramagnetic contrast 
agents such as gadolinium-DTPA promise to enhance the sensitivity 
of MR further so that small lesions such as drop metastases and 
small areas of demyelination will be demonstrable on a routine basis. 
It is likely that gadolinium-DTPA will be used routinely in any patient 
who has myelopathy. Additionally, MR is the most appropriate tech- 
nique for detection of infectious and neoplastic diseases of the spinal 
column. Its appropriate role in trauma patients is promising but as 
yet is unresolved. Imaging techniques and interpretation of images 
will be discussed. 


112. Radiographic pathology of the gastrointestinal mucosa. 
Ghahremani GG, Maklansky D. Alterations in the mucosal pattern of 
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the gastrointestinal tract usually are well depicted on double-contrast 
radiographs, but their accurate diagnosis depends on a clear under- 
standing and visual perception of the responsible pathologic process. 
This course is directed toward practicing radiologists who wish to 
enhance their knowledge of modern gastrointestinal radiology 
through correlative radiographic-pathologic studies. The presentation 
will begin with analysis of normal mucosal patterns that are recogniz- 
able in double-contrast views, endoscopy, or gross pathologic ob- 
servations. A wide spectrum of inflammatory and neoplastic lesions 
will be illustrated, providing their radiographic features as well as the 
corresponding morphologic manifestations. Emphasis will be placed 
on improved diagnostic approach and on practical classification of 
gastrointestinal mucosal disorders that is based on correlative data 
derived from radiographic-pathologic studies. 


113. Advances in cardiac imaging— 1988. Higgins CB, Lipton MJ. 
MR imaging and ultrafast CT (cine CT) are the newest techniques 
that have been used for cardiovascular diagnosis. Imaging of the 
cardiovascular system requires evaluation of both anatomy and func- 
tion. Both cine CT and MR accomplish this dual purpose and, to 
some extent, are competitive techniques. However, it is becoming 
clear that each can have specific indications and can provide advan- 
tages over existing techniques, including angiography. This presen- 
tation will demonstrate the techniques of ECG-gated spin-echo MR, 
cine MR (narrow flip angle and gradient-refocused echoes), and cine 
CT. Anatomic diagnosis by ECG-gated MR has been effective for 
thoracic aortic disease, pericardial disease, paracardiac masses, 
and congenital heart disease. Functional evaluation by cine MR has 
been useful to quantitate ventricular function and the severity of 
regurgitant valvular lesions. Cine CT also is effective for establishing 
anatomic abnormalities, but its major asset is to provide true real- 
time imaging of the heart. It can be used to quantitate function of 
both ventricles and to estimate cardiac output and regional perfusion. 
A recent multiinstitutional study has shown a high accuracy for the 
determination of the patency of coronary artery bypass grafts. 


114. Diagnostic imaging in infertility. Fleischer AC, Winfield AC. It 
is hoped that this course will provide greater understanding of the 
role of radiologic imaging in the diagnostic evaluation of the infertile 
couple and will improve the capabilities of the radiologists who 
participate in the management of this group of patients. (1) The 
applications of sonography in the management of infertility and com- 
plicated pregnancy will be presented. The technique of transvaginal 
sonography will be emphasized, particularly for follicular monitoring, 
guided follicular aspiration, and endometrial evaluation. (2) The tech- 
nique and complications of hysterosalpingography will be presented. 
The normal configuration of the uterine lumen and its variants will be 
shown. Abnormalities, such as filling defects of the uterine cavity, 
synechiae, and effects of maternal exposure to diethylstilbestrol, will 
be presented as well as more common hysterosalpinographic findings 
associated with uterine and tubal surgery. (3) The role of diagnostic 
imaging in male infertility will be reviewed. 


Tuesday, May 10 


201. How to invent new interventional techniques. Burhenne HJ. 
This will be an informal and personal presentation on the philosophy 
and approach underlying the invention of new radiologic techniques, 
such as dilatation of strictures in the biliary, alimentary, and urinary 
tracts; extraction of stones; and the radiologic interventional approach 
to the high-risk patient who has cholelithiasis. How do we convince 
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our clinical colleagues to accept progress in radiology? Catheters 
and other instruments will be demonstrated, with emphasis on how 
to develop new technology. The discussion is directed to young, 
inventive radiologists who want to hear an older radiologist’s experi- 
ence and advice. 


202. Imaging strategies and gastrointestinal and genitourinary 
cancer: update 1988. Sponsored by the Society for Cancer Imaging 
(SCI). McClennan BL, Thompson WM. The rapid advancement in 
new imaging technology often has created confusion as the physician 
attempts to make informed decisions about the application, appro- 
priate sequencing, and cost efficacy of a variety of procedures for 
the evaluation of the cancer patient. Early diagnosis and therapy 
continue to have profound effects on prognosis and survival. This 
course will review and update the state-of-the-art imaging evaluation 
in patients who have known or suspected cancer of the gastrointes- 
tinal and genitourinary systems. The imaging strategies discussed 
will stress therapeutic efficacy and the patient's outcome. Current 
concepts in tumor staging and classification will be presented, with 
further emphasis on detection, definition, and treatment of the various 
malignancies. Recent advances in the imaging evaluation of cancer 
of the esophagus, colon, kidney, bladder, and prostate will be high- 
lighted. Controversies and conflicts in imaging and treatment options 
will be described, and an attempt will be made to develop a flexible 
and pragmatic approach for both clinicians and radiologists who are 
faced with daily oncologic imaging and management choices. 


203. Pediatric abdominal trauma. Kushner DC, Kuhn G. Appropri- 
ate management of children who have suffered abdominal trauma 
requires careful diagnostic imaging. The most important factors are 
close communication with the clinical physicians who are caring for 
the patient, careful planning of the imaging sequence to avoid redun- 
dant studies and excessive or unnecessary radiation to the patient 
or staff, and on-site monitoring by a radiologist who is involved in the 
diagnostic deliberations. The goals of this session are to provide a 
knowledge of the patnophysiology of the usual types of trauma in 
children. In addition, both the unique responses of children that can 
make accurate diagnosis difficult and the predisposing factors in 
childhood that can become apparent after trauma will be discussed. 
Also, the relationship of abused and battered children to the general 
practice of pediatric trauma diagnosis will be discussed. Discussion 
will center on the most recent and appropriate techniques of imaging 
pediatric trauma, with emphasis on CT and standard radiography. A 
final topic of discussion will be considerations of clinical management 
(such as sedation, restraint, the involvement of parents, and the use 
of contrast media) that affect the timing and sequence of imaging 
studies. 


204. Renal hypertension: etiology, imaging, and treatment. Hill- 
man BJ, Sos TA. Renal parenchymal and vascular disease is respon- 
sible for an imprecisely known, but important, percentage of hyper- 
tension and probably causes a disproportionate amount of hyperten- 
sion-related morbidity. Advances in imaging and imaging-directed 
interventional techniques have made it more feasible than before to 
identify and treat renal hypertension. This course will present the 
major causes of renal hypertension, discuss pathogenesis, and show 
images that depict the conditions. Emphasis will be placed on appro- 
priate imaging approaches for depiction of pathology. Experience 
gained in more than 500 cases of renal angioplasty will be used to 
discuss the indications, techniques, results, and complications of this 
procedure. 


205. MR: basic principles (sans mathematics) and practical con- 
siderations. Gray JE, Morin RL. This nonmathematical refresher 
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course is an introduction to MR principles and the practical aspects 
of MR imaging. The course is designed for radiologists who have 
little or no experience with MR. Basic principles to be covered include 
definitions, relaxation times, MR pulse sequences, MR imaging sys- 
tem, contrast in MR imaging, and biological effects. Practical aspects 
of MR imaging include site planning, staffing requirements, problems 
encountered in bringing an imager on-line, details of a typical MR 
Study, appropriate choice of patients, site security and safety, and 
problems and pitfalls of MR imaging. The attendee should gain a 
“big--picture” understanding of MR and an appreciation of some of 
the practical problems involved in MR imaging. 


206. Modern imaging evaluation of brain tumors. Davis DO. The 
advent of MR scanning has changed irrevocably the strategy for 
detection of brain tumors. The presence of edema and/or gliosis 
Causes an increase in the proton content, resulting in increased signal 
on the scans. Mass effect and shift are still reliable indicators of 
abnormality. The presence of matted signal intensities and bulging of 
the brain surface seems to correlate with increasing malignancy in 
supratentorial tumors. Posterior fossa tumors are much better de- 
tected with MR because no bone artifacts occur. Although CT still 
may play a role in the evaluation of supratentorial lesions, it is rarely 
necessary for lesions that are below the incisura, and in extraaxial 
lesions CT actually may be misleading. This course will attempt to 
illustrate the usual MR findings of intra- and extraaxial lesions of the 
intracranial space, with some CT correlation. The usefulness of 
gadolinium-DTPA will be discussed. The effect of image quality on 
detection and evaluation will be emphasized. 


207. CT of the musculoskeletal system: flying high despite MR. 
Sartoris DJ. The purpose of this refresher course will be to review 
the proved and potential applications and technical considerations of 
CT in musculoskeletal disorders. Topics of discussion will include 
degenerative diseases of the spine, characterization of fractures and 
dislocations, staging of osseous and soft-tissue neoplasms, and 
evaluation of a variety of congenital abnormalities. For the investiga- 
tion of articular disorders, the usefulness of computed arthrotomog- 
raphy will be emphasized. Comparative reference to MR imaging will 
be stressed throughout the presentation when appropriate, as a 
guide to selection of an optimal cross-sectional imaging strategy in 
specific situations. The role of CT-guided aspiration and biopsy in 
musculoskeletal disease will be considered. Technical aspects and 
established and future applications of multiplanar reformation and 
three-dimensional imaging/modeling will be discussed in depth. Quan- 
titative implementation of CT for specific musculoskeletal problems 
will be addressed, with emphasis on noninvasive bone densitometry 
in the spine and proximal femur. The instructor will encourage active 
participation by the audience. 


208. MR of the genitourinary system. Hricak H, Fritzsche P. Con- 
tinuing improvements in image quality have increased our confidence 
in using MR for evaluating the genitourinary tract. (1) Kidneys and 
adrenals.—Short-TR/TE imaging sequences provide detailed ana- 
tomic information, whereas long-TR/TE imaging sequences offer 
excellent characterization of disease processes. Simple cysts can be 
differentiated from complex cystic and solid lesions. Fast imaging 
with gradient echoes has provided additional information in the eval- 
uation of acute hemorrhage and vascular patency. The advantages 
of MR in the staging of renal and adrenal neoplasms include demon- 
stration of tumor origin and local extension, evaluation of vascular 
integrity, and determination of metastatic lymphadenopathy. (2) Uri- 
nary bladder.—With the spin-echo technique, images with both short 
and long TR/TE parameters are essential for complete evaluation of 
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the bladder. The normal or hypertrophied bladder wall can be differ- 
entiated from other disease conditions by a low signal intensity on 
the long-TR/TE image. Infiltrating neoplasms, however, cannot be 
differentiated from congestion or inflammation. MR imaging is of 
value in the staging of neoplasms located at the dome or the base of 
the bladder and in patients who have had bladder surgery, because 
metallic clips are not detrimental to MR images and postsurgical 
fibrosis can be differentiated from tumor. (3) Prostate gland.—Zonal 
anatomy of the prostate gland is seen when a spin echo with a long 
TR/TE is used. Although intraprostate pathologic changes can be 
shown, MR cannot differentiate benign from malignant disease. The 
value of MR is in the staging of prostatic carcinoma, including the 
detection of transcapsular, seminal-vesicle, and bladder-base inva- 
sion. Detection of lymph-node metastasis relies on the size of the 
node, and biopsy remains essential. (4) Testis. —The use of MR 
imaging has been extended for the evaluation of undescended testes 
and for the evaluation of testicular neoplasms when sonographic 
studies are inconclusive. 


209. Abdominal imaging in AIDS. Federle M. Gastrointestinal dis- 
ease accounts for the second largest group of diseases seen in 
patients who have AIDS. These consist of opportunistic infections 
and neoplasms, some of which are unique to AIDS (and other 
immunocompromised) patients, whereas others have a distinctly 
different biological behavior. Some of these disease processes pro- 
duce radiographic findings that suggest a specific diagnosis. Although 
patients may have radiographic findings caused by several disease 
processes, the preponderant radiographic pattern may suggest the 
particular entity that is most responsible for clinical symptoms. As 
experience accumulates, additional patterns will become more Clearly 
defined, allowing increasing accuracy in identifying the total extent 
and etiology of a specific disease. In this presentation, we will review 
the radiographic features of the most common disorders seen in the 
alimentary tract, biliary tree, and abdominal viscera of AIDS patients. 
The role of barium studies, sonography, CT, and cholangiography 
will be discussed. Indications for radiographic studies based on the 
presenting symptom complex will be discussed. 


210. Vascular sonography. Gooding GAW, Gosink BB. Duplex 
Doppler technology, including the introduction of color, enables the 
examiner to find a vessel rapidly, detect flow, and assess the velocity 
profile and the morphology of the vessel. This discussion will focus 
on practical applications of these techniques. (1) Venous disease. — 
In the diagnosis of deep venous thrombosis of the lower extremities. 
a Doppler signal per se does not necessarily exclude the possibility 
of thrombosis. Ancillary abnormalities that occur with deep venous 
thrombosis include diminished/absent augmentation of the venous 
signal, an enlarged vein that fails to expand during the Valsalva 
maneuver, and lack of venous compressibility. These procedures are 
best performed on the iliac, common femoral, and superficial and 
deep femoral veins; and the popliteal and superficial saphenous veins. 
Venous sonography also can be used to evaluate obstruction of the 
superior vena cava. In the abdomen, it can be used in the evaluation 
of portal hypertension and renal vein thrombosis. (2) Arterial dis- 
ease.—The primary use of duplex Doppler studies in arterial evalua- 
tion has been in the assessment of the carotid system. This evaluation 
depends on characterization of visible plaque (homogeneous, inho- 
mogeneous, ulcerated, hemorrhagic) and on Doppler characteristics 
(wave form, velocities, etc.). This is an extremely accurate technique 
that is best used as a screening device to select those patients who 
then may be candidates for angiography. Duplex Doppler evaluation 
also can be used in evaluating abdominal arteries. The most common 
application in this area is assessment of renal transplants. 
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211. CT of disk disease and spinal stenosis. Helms CA. CT 
examination of the lumbar spine for diagnosis of disk disease and/or 
spinal stenosis has replaced myelography as the procedure of choice 
in most institutions. This is appropriate only if high-quality imaging is 
used along with adherence to sound diagnostic principles. This 
instructional course will review the appropriate scanning protocols 
and the diagnostic capabilities and limitations that can be expected 
with CT scanning of the lumbar spine. Pitfalls in diagnosis of disk 
disease will be addressed. Spinal stenosis will be discussed in cate- 
gories of central canal, lateral recess, and neuroforaminal involve- 
ment. MR imaging and myelographic enhanced CT will be mentioned 
as alternatives to plain CT scanning, and the diagnostic accuracy of 
the techniques will be discussed. Use of CT in evaluating patients for 
surgery, treatment with chymopapain, and percutaneous nuclectomy 
will be discussed also. 


212. Small bowel radiology: how to do it. Carlson HC, Maglinte 
DDT. Radiology has retained primary responsibility in the evaluation 
of the small bowel. The newer imaging methods, such as CT and 
sonography, have given radiology an added dimension in evaluating 
the extraluminal aspect of disease of the small intestine, but careful 
contrast study of the lumen and mucosa is essential in the effective, 
efficient, and precise detection and identification of almost all disease 
processes involving this segment of the gut. An update on the various 
barium imaging techniques will be presented: (1) the fluoroscopic 
small-bowel examination with oral barium, (2) the upper gastrointes- 
tinal series combined with the fluoroscopic small-bowel examination, 
(3) the gas-enhanced (peroral) double-contrast follow-through, (4) 
peroral pneumocolon, and (5) the intubation methods (enteroclysis) 
of small-bowel examination. Meticulously conducted small-bowel ex- 
aminations are high-yield diagnostic procedures. This “how-to” 
course will emphasize the fluoroscopic small-bowel examination and 
demonstrate a simplified method of performing a “humane” entero- 
clysis. 


213. Optimal use of chest CT and MR: when, how, and why. Feigin 
DS. As CT has proved its usefulness in diagnosis and 
management of chest abnormalities, its proper role needs to be 
reassessed and compared with other imaging techniques, especially 
MR. This course will discuss the major uses and misuses of CT and 
MR and will include suggestions for optimizing technique that should 
be tailored to specific clinic needs. CT plays a vital role in analysis of 
mediastinal abnormalities in view of its advantages over plain-film 
techniques in both sensitivity and specificity. The proper use of CT 
for mediastinal masses, infections, inflammations, and metastases 
will be outlined. Hilar and pulmonary parenchymal abnormalities will 
then be discussed, with emphasis on the special techniques neces- 
sary for adequate diagnosis. The use of CT in pleural abnormalities, 
including evaluation of empyemas, pleural plaques, and pleural vs. 
parenchymal abnormalities, represents a particularly difficult area for 
CT and MR evaluation. Finally, chest wall analysis will be demon- 
strated. The emerging ability of MR to show chest abnormalities must 
be judged in terms of advantages over CT and plain films. Analysis 
of the present status of MR in chest diagnosis will include a summary 
of the signal production of the major normal and abnormal structures 
in the chest. Immediate future prospects for MR in vascular and other 
abnormalities will be considered. Thus, the goal of this course will be 
to update our abilities to choose and use, most effectively, the newer 
imaging techniques in the analysis of chest abnormalities. 


214. Obstetrical sonography. Part |. Leopold GR. The advent of 
high-resolution sonography has been the most important diagnostic 
advance in obstetrics and gynecology in the past 20 years. Today's 
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real-time instruments allow precise outlining of most gynecologic 
tumors and, more recently, have aided in the diagnosis and treatment 
of infertility disorders. The noninvasive nature of the technique permits 
serial evaluation of pregnancy disorders that provides important 
information about the development of these conditions. Indeed, even 
the incidence of these disorders is now known to be quite different 
from that previously suspected. As a result of this knowledge, specific 
therapeutic approaches to some of these pregnancies is now possi- 
ble. The addition of Doppler sonography also assists in physiologic 
evaluation of fetal blood flow and provides increased information 
about intrauterine growth retardation. An additional benefit of these 
studies is the ability to define problems unique to fetal life. The 
hazards of living in a frequently hostile underwater environment are 
a good example. Even more important is the condition of multiple 
pregnancy. It is now known that this condition is fraught with diffi- 
culties from frequent vascular connections and an increased rate of 
congenital anomalies. The sonographic evaluation of this condition is 
complex and requires a detailed knowledge of the physiologic prin- 
ciples involved, many of which are in the process of being reevaluated 
on the basis of sonographic data. 


Wednesday, May 11 


301. Fun with films (or things your mentor never told you). Jones 
MD. Although an increasing number of patients’ visits to the modern 
radiology department lead to the various imaging sections, such as 
CT, nuclear medicine, sonography, and now MR, the greatest number 
of procedures are still the routine plain films and examinations. The 
intelligent use of plain films, with cognitive and intuitive perception 
and evaluation, is one of the hallmarks of practicing radiology. To this 
end, certain subtleties easily identified on routine examinations, which 
are frequently ignored or unrecognized, will provide instructional 
material. Intellectual challenge and educational reinforcement will be 
provided by a few case studies for group diagnosis. The setting will 
be informal and the goal will be to assist the radiologist in amazing 
the referring physician with the radiologist’s astuteness. 


302. How to get your manuscript published without a hassle. Berk 
RN, Hilton SVW, Whalen E. Authors who are unfamiliar with the 
editorial process often see the disposition of manuscripts in an 
editorial office as mysterious, capricious, autocratic, and unnecessar- 
ily prolonged. This course will explain how manuscripts are handied 
when they arrive in the editorial office. It will show authors how to 
reduce their chances of rejection and how to avoid the frustration of 
many revisions. Understanding the process helps to expedite the flow 
of manuscripts as they proceed from reviewers, scientific editors, 
copy editors, and the publisher. The AJR editors will discuss the 
content that is required in papers, describe the logical manner in 
which the information should be organized, and review the guidelines 
recommended by both the AJR and Radiology for preparing manu- 
scripts. Authors who follow these regulations should find that their 
manuscripts have a better chance of acceptance and, when accepted, 
are more likely to be published expeditiously. 


303. MR imaging and sonography of the child’s genitourinary 
tract. Kangerloo H. Sonography is the procedure of choice in screen- 
ing suspected diseases of the genitourinary tract in children. MR 
adds valuable information in the evaluation of renal and juxtarenal 
neoplasms and in the differentiation of renal from adrenal tumors. 
Cystic and fluid-filled lesions of the kidneys and location anomalies 
are evaluated well by sonography. MR is useful to evaluate compli- 
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cations associated with cystic diseases such as hemorrhage. Evalu- 
ation of adrenal glands, particularly adrenal tumors such as neuro- 
blastoma, is best accomplished by using MR. Sonography, however, 
remains the procedure of choice for screening adrenal disease in 
children. Sonography also is used for screening the child’s pelvis. 
MR adds valuable information in suspected pelvic neoplasms and in 
evaluation of pelvic sidewalls. MR allows flexible imaging planes and 
many different pulse sequences and thus permits the accurate vis- 
ualization of suspected pathologic changes. MR evaluation of the 
kidneys and adrenal glands should begin by using a T1-weighted 
pulse sequence in the coronal plane. Other pulse sequences are 
added, depending on the initial findings. In evaluation of the pelvis, 
midline lesions are best imaged sagittally; pelvic sidewall lesions and 
those of ovaries are best imaged transaxially or coronally. T1- 
weighted sequences are used first, and T2-weighted sequences are 
added in selected cases, such as neoplasms. 


304. Deep venous thrombosis and pulmonary embolism: diag- 
nosis and intervention. Dorfman GS, Cronan JJ. It has been esti- 
mated that 20 million new cases of deep vein thrombosis (DVT) and 
600,000 new cases of pulmonary embolism occur in the United States 
each year. The tests considered the “gold standard” for diagnosis of 
DVT and pulmonary embolism (contrast venography and pulmonary 
angiography) are expensive and time-consuming and are associated 
with significant morbidity and mortality rates. Long-term anticoagulant 
therapy is associated with morbidity in 5-30% of cases. Newer 
diagnostic and therapeutic techniques have begun to change the 
approach to thromboembolic disease. We will review the epidemiol- 
ogy of thromboembolic disease and the radiologic and nonradiologic 
diagnostic tests currently available. Specific emphasis will be placed 
on compression/duplex sonography and the role of pulsed Doppler 
sonography. Sonography rivals the sensitivity and specificity of ven- 
ography without the disadvantages of injection of contrast material 
and with the additional capabilities of imaging the vein and surround- 
ing tissues with sequential examinations. The available options for 
treatment, including thrombolysis and placement of a percutaneous 
caval filter, will be described in detail. Because of the ease and safety 
of placement of a percutaneous filter, an expanding number of 
indications for caval interruption in addition to or instead of antico- 
agulation are now being espoused. Potential pitfalls, refinements in 
techniques, and anticipated success rates of percutaneous placement 
of filters in the inferior vena cava will be discussed. In conclusion, 
Strategies for diagnosis and treatment of thromboembolic disease in 
a variety of clinical situations will be presented based on the previ- 
ously discussed material. The presentation will use videotapes and 
Slides of duplex sonographic examinations and placement of caval 
filters to demonstrate the actual procedures in a “how-to-do-it” for- 
mat. 


305. MR of the abdomen. Stark DD. Clinical applications of MR 
imaging in the diagnosis of abdominal disorders are now established. 
Efficacy of MR is determined with respect to the performance and 
expense of alternative imaging techniques. In this course, both the- 
oretical and practical topics are reviewed: (1) Pulse-sequence opti- 
mization for detecting liver metastases.—T1- and T2-weighted spin- 
echo, inversion-recovery, chemical-shift, and fast-scanning tech- 
niques will be compared with contrast-enhanced CT. (2) Reduction 
of motion artifacts. (3) Tissue characterization of liver lesions. — 
Characteristic MR features of hepatic hemangiomas and cysts allow 
differentiation from metastases with 90% accuracy on T2-weighted 
spin-echo images. (4) Chemical-shift imaging.—This technique is 
applied to identification of diffuse and focal deposition of fat and to 
improved detection of liver metastases. (5) Paramagnetic agents— 
gadolinium-DTPA and hepatobiliary targeted complexes, such as Fe- 
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HBED, will be compared with superparamagnetic iron oxide (ferrite) 
particles targeted to reticuloendothelial cells. Contrast agents im- 
prove detection of liver lesions by increasing contrast-to-noise per 
unit time. Rapid patient throughput, improved image quality, and 
more accurate diagnostic results can be achieved with these new 
techniques. 


306. Neuroradiology of cerebrovascular disease. Brant-Zawadzki 
M. (1) The diagnosis of acute cerebral infarction on CT studies is 
difficult, especially within the first 24 hr of such an injury. Early reports 
Stated that CT scanning was unrevealing within the first 48 hr in most 
cases. After a first “negative” study, follow-up CT scans often are 
needed to document the site and extent of infarction that is manifest 
Clinically. Newer generations of CT scanners have allowed evaluation 
of hyperacute changes of cerebral infarction. In our experience, CT 
can provide evidence of acute infarction within 24 hr in well over 50% 
of the patients so affected. Noncontrast CT is essential, as injection 
of contrast material can mask the area of low density produced by 
the early cytotoxic edema in the brain. Compared with that of CT, 
the sensitivity of MR to changes in tissue water permits superior 
detection of cerebral infarction. In more than 20 patients with cerebral 
infarction of various causes and of different chronicity studied at our 
institution, MR illustrated this advantage. (2) Digital subtraction an- 
giography (DSA) has all but replaced conventional film-screen tech- 
nique in our neuroradiologic practice. At first, the IV technique was 
evaluated for assessment of extracranial cerebral vascular disease, 
but this technique was inadequate. The role of IV angiography has 
been relegated to one of screening, somewhere between that of 
carotid sonography and techniques that require intraarterial injection. 
On the other hand, the efficiency and high quality of DSA in conjunc- 
tion with intraarterial injections has allowed us to perform conven- 
tional neuroradiologic angiography in much shorter times, with lesser 
amounts of contrast agent. This results in both an added safety factor 
for the patient and an economic benefit to the physician and hospital. 
Outpatient arteriograms are being performed more and more fre- 
quently with the addition of DSA image acquisition. Several centers 
are using selective vessel catheterization for such studies. A retro- 
grade brachia! catheterization of the aortic arch with a multisidehole 
4-French catheter is used for evaluation of outpatients for cerebro- 
vascular disease. 


307. MR of the musculoskeletal system. Bassett LW, Seeger LL. 
Applications of MR imaging to the musculoskeletal system are in- 
creasing. This course presents our experience with MR, with empha- 
Sis on the knee, shoulder, and hip. For each region, the presentation 
includes a review of normal anatomy on MR and the evaluation of 
musculoskeletal trauma, tumors, and infection. MR evaluation of the 
knee has replaced arthrography almost completely in our practice. 
Meniscal tears are well visualized, and injuries of the cruciate and 
collateral ligaments can be identified. MR is useful in the evaluation 
of shoulder impingement syridrome and in disease and instability of 
the rotator cuff. Arthrography may detect smaller tears of the rotator 
cuff, but bursitis and tendonitis are identified on MR only. Shoulder 
instability can be evaluated by MR or CT-arthrography, and both 
methods have merits. MR is more sensitive than radionuclide scan- 
ning for the detection of ischemic necrosis; however, MR examina- 
tions may result in false-positive findings. Plain films and clinical 
correlation should be combined with the MR patterns when a diag- 
nosis of ischemic necrosis is made. MR is being used to evaluate the 
extent of both primary tumors of bone and osseous metastases. We 
have identified three circumstances in which MR may have a signifi- 
cant effect on the management of patients: (1) patients are sympto- 
matic but the results of conventional studies are negative, (2) abnor- 
malities seen on radiographs or scintigrams are equivocal, and (3) 
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the extent of a tumor must be determined. MR is a sensitive technique 
for imaging osteomyelitis. On T1-weighted images, infection will show 
intermediate to decreased signal. With T2-weighted imaging, the 
involved area shows increased signal intensity, even higher than that 
of normal bone marrow. 


308. Urinary stone disease: update 1988. LeRoy AJ, Barbaric ZL. 
Symptomatic renal and urteral calculi continue to be a frequent cause 
of morbidity, affecting up to 4% of the population in the United States. 
Diagnosis of these diseases and treatment of these patients is based 
extensively on the radiologic examination, which traditionally includes 
plain films of the kidneys, urinary tract, and bladder; tomography; and 
urography. A more thorough delineation of the extent of disease and 
of complications, such as renal atrophy, abscess, or perinephric 
involvement, can be obtained by sonography and CT. Experience 
with MR imaging in this area is evolving also. The usefulness and 
application of these various examinations in evaluation of urolithiasis 
will be reviewed in this course. The therapy of urolithiasis has changed 
dramatically in the past decade, and current therapeutic techniques 
and their applications will be discussed. The clinical usefulness of 
extracorporeal shock-wave lithotripsy (ESWL) for treatment of most 
stones of the upper tract is widely accepted. However, this will be 
modified by the progressive technological evolution of the newer 
lithotriptors and by the long-term evaluation of the complications and 
success rates of ESWL. Because of the inability of ESWL to treat 
succesfully all stones of the upper tract, some centers continue to 
use percutaneous methods to remove stones. Radiologic involvement 
in all methods continues at several levels, extending from simple 
percutaneous nephrostomy placement to complex endourologic ma- 
nipulations, including removal of stones, dilatation of strictures, and 
stenting procedures. The extensive development of retrograde trans- 
urethral ureteroscopy also has modified treatment of kidney stones, 
introducing laser fragmentation and endoscopic manipulation. A few 
patients still undergo standard surgical approaches, especially when 
coexisting anatomic abnormalities require revision. The financial im- 
pact of and considerations of patients’ tolerance for these therapies 
will be discussed. 


309. Pancreatic inflammatory disease: radiologic diagnosis, 
staging, and management of complications. Freeny PC. New con- 
cepts regarding the radiologic diagnosis and classification of inflam- 
matory disease of the pancreas have been developed over the past 
several years. In addition, radiology has assumed a critical role in the 
staging of patients with acute pancreatitis, and various interventional 
techniques have been applied to the management of many of the 
associated complications. This course will discuss the radiologic 
classification of pancreatic inflammatory disease developed at the 
Cambridge (1983) and Marseille (1984) international meetings. The 
classification correlates the clinical, pathologic, and functional exo- 
crine status of the pancreas with the morphologic changes shown on 
sonographic, CT, and endoscopic retrograde cholangiopancreato- 
graphic examinations. The critical role of clinical and radiologic staging 
of patients who have acute pancreatitis also will be discussed. In 
particular, the role of CT in predicting the clinical outcome of patients 
who have acute pancreatitis will be emphasized. The central role of 
radiology in early diagnosis and detection of a variety of complications 
of pancreatitis also will be presented. In particular, the complications 
of pancreatic fluid collection and abscess formation, pancreatic phleg- 
mon, pancreatic ascites, biliary tract and gastrointestinal involvement, 
vascular complications, and pulmonary complications will be dis- 
cussed. Emphasis will be placed on indications, techniques, and 
results of interventional procedures for treatment of these complica- 
tions, particularly percutaneous drainage of pancreatic fluid collec- 
tions, pseudocysts, and abscesses; angiographic management of 
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vascular complications of pancreatitis; and treatment of biliary com- 
plications. 


310. Sonography of the rotator cuff and of the infant’s hip. Crass 
JR, Harcke HT. This refresher course will review the recently devel- 
oped roles of sonography in the evaluation of the rotator cuff and of 
the infant's hip. (1) Sonography of the rotator cuff is used primarily 
for the diagnosis of tears of the cuff; it also may play a role in the 
diagnosis of the subacromial impingement syndrome. The anatomy 
of the rotator cuff will be reviewed as it relates to scanning technique. 
Easily learned methods for positioning the patient and methods of 
scanning that will result in consistently diagnostic images will be 
demonstrated. The spectrum of sonographic findings in both the 
normal and the abnormal tendon will be illustrated. An approach to 
the abnormal but apparently intact tendon will also be presented, 
including a discussion of the abnormally echogenic tendon. (2) So- 
nography of infants’ hips is used both for detecting congenital dislo- 
cation and/or dysplasia and for monitoring the hips during treatment. 
It is a highly accurate method because structures not visualized on 
plain films are identified clearly. The dynamic method of evaluation 
will be reviewed, with emphasis on the three routine views and stress 
maneuvers. Normal sonograms will be compared with cases of 
subluxation and dislocation to emphasize the spectrum of abnormal- 
ities in congenital dislocation of the hip. Integration of sonography 
with other imaging techniques will be discussed. 


311. MR of the spine: degenerative disease. Modic MT. The role 
of MR in the evaluation of degenerative diseases of the spine has 
gone far beyond the original clinical expectations and today has many 
well-defined applications. The technique is still evolving, and ongoing 
research and development in coil technology and pulse sequences 
continue to improve our capability in the evaluation of these diseases. 
The type of MR examination will be influenced primarily by the 
anatomic region studied and the suspected disease process. Al- 
though the anatomic region usually is defined clearly, the suspected 
process may include several differential considerations, such as disk 
herniation, canal stenosis, facet disease, and malalignment abnor- 
malities, that may require specific techniques. MR also may provide 
us with insight into the changes in signal intensity that are noted 
within the vertebral bodies in the presence of degenerative disk 
disease and that can predict the histologic changes. The role of MR 
in evaluating the spine after surgery also has grown in importance, 
particularly with the use of gadolinium-DTPA. This presentation will 
explore technical considerations and pulse sequences in the evalua- 
tion of degenerative disease and will correlate MR findings with both 
surgical and histologic observations. The role of gadolinium-DTPA in 
both the virgin and postoperative spine will be discussed. 


312. Biliary lithotripsy. Ferrucci JT, Burhenne HJ. Extracorporeal 
lithotripsy of biliary calculi soon may become the standard of care for 
patients who have symptomatic gallstones, thus replacing cholecys- 
tectomy, currently the most common major abdominal operation. 
Accumulated experience with several different lithotriptor systems in 
Europe and several hundred patients indicates a high degree of 
success with low morbidity. Clinical trials are beginning now in some 
10-20 centers in the United States and Canada. This course will 
review the diverse issues raised by this new therapeutic option, 
including differences between renal and gallstone lithotripsy and 
differences between fragmentation of gallstones and of common duct 
stones. Design principles of second-generation shock-wave lithotrip- 
tor systems will be discussed, including the lack of an immersion 
water tank and the use of more efficient spark-gap generators as 
well as piezoelectric sound-wave generators. Most second-genera- 
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tion devices will also use ultrasound targeting for both renal and 
biliary calculi. Adjuvant oral bile-acid therapy for dissolution of choles- 
terol gallstone fragments also may play an important role. Preliminary 
clinical results indicate an 80-90% success rate (gallstone-free), with 
negligible acute complications when primarily IV analgesia only is 
used. As the volume of potential patients for lithotripsy of renal stones 
diminishes, gallstone therapy will dominate the lithotripsy market- 
place. Because of the critical role of ultrasound targeting, fluoroscopy 
and digital image manipulation, and the decreasing requirements for 
analgesia, radiologists should play a much larger role in lithotripsy of 
gallstones than they were permitted to do in the lithotriptor treatment 
of urinary calculi. 


313. Pulmonary thromboembolism. Dunnick NR, Ravin CE, Sullivan 
DC. Pulmonary embolism is a common medical problem, yet one that 
eludes confident clinical diagnosis. Thus, radiographic imaging tech- 
niques are essential in helping to make appropriate decisions about 
treatment. Although nonspecific, the chest radiograph is useful to 
augment interpretation of the radionuclide ventilation-perfusion (V/Q) 
scan and to identify other abnormalities that may account for the 
patient's symptoms. By comparing radionuclide images of pulmonary 
perfusion and ventilation, regions of mismatch are identified and 
correlated with the chest radiograph. The number and size of these 
mismatched regions allow a Classification ranging from normal to high 
probability of pulmonary embolus. Unfortunately, most patients will 
have a combination of scintigraphic and radiographic findings that fall 
into the moderate-probability or indeterminate categories. To increase 
diagnostic certainty in these patients, in patients in whom the results 
of the V/Q scan are not consistent with the clinical suspicion, or in 
patients who have a high-probability scan but a contraindication to 
anticoagulation, pulmonary arteriography may be necessary. This 
should be performed with selective injections into the region of the 
highest probability for pulmonary embolus, as judged by the V/Q 
scan. Careful technique and measurements of pulmonary artery 
pressure will help to minimize complications from this invasive pro- 
cedure. Correlation of angiography with V/Q scans and a protocol 
for examining these patients will be presented. 


314. Obstetrical sonography. Part Il. Filly RA. See 214. 


Thursday, May 12 


401. A simplified approach to the radiologic examination of the 
small bowel. Margulis AR. The small bowel can be examined radio- 
logically as part of the upper gastrointestinal examination, by enter- 
oclysis, by peroral pneumocolon, and by retrograde injection via the 
ileocecal valve (the Roscoe Miller technique). In peroral examinations 
of the small bowel, the following should be observed: (1) distribution 
of the small bowel in the peritoneal cavity, (2) width of the small 
bowel, (3) width of folds, (4) appearance of folds and mesenteric 
impressions, (5) presence of nodules, (6) dilution, (7) ulcerations, (8) 
cavitations, and (9) masses. The relationships of these signs singly 
or in groups will be associated with pathologic changes and disease 
syndromes. In informal discussion with the participants, the relation- 
ships of radiologic signs, clinical history, and laboratory tests will be 
related to pathologic changes. The Sherlock Holmes approach will 
be emphasized. 


402. SPECT imaging in clinical nuclear medicine. Handmaker H, 
Bunker SR. The shift toward tomography with the newer morphologic 
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imaging techniques of CT, sonography, and MR imaging is challeng- 
ing nuclear medicine to optimize the inherently limited spatial resolu- 
tion of its uniquely physiologic imaging procedures. It is therefore 
logical that single-photon emission computed tomography (SPECT), 
with its considerable improvements in contrast resolution, is displac- 
ing conventional planar scintigraphic routines so rapidly. This evolu- 
tion toward tomography has been facilitated by major advances in 
computerized image-processing technology. It also is not surprising 
that SPECT is accepted so readily by the medical community; the 
tomographic image format provides convenient correlation with CT, 
sonography, and MR. Our experience over the past 4 years indicates 
that SPECT provides improved sensitivity and specificity to existing 
procedures. SPECT is the preferred technique for all exercise and 
dipyridamole stress thallium-201 myocardial perfusion examinations, 
limited °°"Tc-methylene diphosophonate skeletal evaluations, and 
*°"Tc-sulfur colloid liver-spleen studies. Additional studies can be 
performed with SPECT as a function of available camera time and 
the potential for improved diagnostic yield from tomography. Cur- 
rently, aproximately 50% of our department’s procedures and reve- 
nues are generated by SPECT studies. It is our belief that with the 
development of newer and more specific radiopharmaceuticals and 
the continued availability of SPECT techniques, this figure may ex- 
ceed 75% in the future. 


403. CT and MR of diseases of childhood. Brasch RC, Gooding 
CA. (1) The technology of CT has continued to evolve since its 
introduction into radiology more than a decade ago. Ultrafast com- 
puted tomography, also called cine CT, is a relatively new technique 
that offers an easy, quick, minimally invasive means of acquiring 
quantitative, dynamic images of infants and children. Ultrafast CT 
technique, with its data-acquisition time of 0.05-0.1 sec, was devel- 
oped originally for real-time imaging of the heart, but recently it has 
been shown to be useful in the evaluation of diseases of the airway, 
abdomen, and head. The extremely rapid acquisition times of ultrafast 
CT virtually eliminate the motion artifacts associated with sponta- 
neous respiration and bowel peristalsis that may be observed on 
conventional CT images. Finally, ultrafast CT in children requires less 
time to prepare than conventional CT; thus, infants spend less time 
in the CT suite and thereby the risks associated with hypothermia 
are decreased. (2) The clearest advantages of MR have been for 
imaging the CNS, and reports comparing MR and CT for the CNS 
indicate that MR is superior. In the thorax, MR has been effective in 
delineating the extent of pulmonary lesions such as cystic fibrosis 
and mediastinal abnormalities such as lymphoma. MR of congenital 
heart disease is an exciting application of this new technique. The 
usefulness of MR as a primary technique for imaging the child's 
abdomen is less clear than for other anatomic regions, in part because 
CT and sonography have shown considerable value in the diagnosis 
of abdominal disease. MR of the skeletal system of children has 
several unique applications, particularly the diagnosis of acute lym- 
phocytic leukemia, congenital dislocation of the hip, and bone tumors. 
It is anticipated that improvements in MR technology, such as more 
rapid image-acquisition sequences, will have a favorable impact on 
the application of MR in the diagnosis of diseases in children. 


404. Acquired diseases of the aorta and peripheral vasculature. 
Shetty PC, Haggar AM. This presentation will review the use of 
angiography in patients who present with atherosclerotic or other 
acquired diseases of the aortic and peripheral vasculature, including 
aortic dissection and trauma. Emphasis will be placed on the correct 
application of various techniques such as transfemoral, transaxillary, 
and translumbar approaches to catheter placement. The role of IV 
and interarterial digital subtraction angiography will be discussed. In 
addition, the proper role of correlative imaging techniques, such as 
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sonography, CT, and MR will be presented: Experience with an 
outpatient angiography program will be described, including a discus- 
sion of the inclusion criteria for patients, postprocedure monitoring, 
and outcomes based on more than 500 studies. 


405. Technical advances in clinical MR imaging: fast scanning, 
surface coils, contrast agents. Edelman RR, Kneeland JB, Saini S. 
This course will focus on clinical applications of recent technical 
developments in MR. (1) Fast scanning is becoming increasingly 
useful as a means of reducing image degradation due to patient 
motion and maximizing patient throughput. Gradient-echo pulse se- 
quence is one such technique that is widely available and can provide 
subminute images. Tissue contrast is based on differences in T1 or 
T2* times and is based on appropriate selection of TR, TE, and flip 
angle. Clinical applications that will be discussed include rapid MR 
myelography, fast three-dimensional imaging of the knee, dynamic 
imaging of the temporomandibular joints, breath-holding imaging of 
the upper abdomen, identification of hemorrhage, flow imaging, and 
MR cineangiography. (2) Surface coils play an integral role in clinical 
MR imaging, primarily for improving anatomic resolution. The basic 
principles of surface-coil operation and practical considerations with 
regard to their use will be presented. The following topics will be 
included among others: ultrahigh-resolution coils (<0.3 mm pixel size) 
for evaluation of bones and joints of the hand and wrist, intracavity 
coils for the rectum and vagina for prostatic and uterine imaging, and 
parallel data-acquisition technique that allows simultaneous acquisi- 
tion of images from two regions of the body. (3) MR contrast agents 
alter tissue signal intensity and have been advocated for improving 
soft-tissue contrast, characterizing tissue, and showing physiologic 
processes in vivo. The principles of pharmaceutical manipulation of 
MR contrast agents and practical considerations for their clinical 
application will be explored. Gadolinium-DTPA has undergone clinical 
evaluation, and the dicussion will include its role in imaging diseases 
of the brain (e.g., differentiating tumor from edema, identifying active 
foci of multiple sclerosis); spinal cord (detecting metastases); and 
abdomen (e.g., detecting liver metastases, marking bowel). Investi- 
gations with novel magnetopharmaceuticals, such as those with 
reticuloendothelial specificity (ferrites) and hepatobiliary excretion (Fe- 
EHPG), that will eventually have a more disease- and organ-specific 
Clinical application will also be presented. 


406. Neuroimaging of the sellar region, including MR. Davis KR. 
Normal anatomy of the sellar region will be reviewed and correlated 
with images to provide a framework for recognition of abnormal 
findings. This may be divided into the (1) intra-, (2) para-, (3) supra-, 
(4) infra-, and (5) retrosellar areas. A variety of common abnormalities 
encountered in this region will be illustrated with emphasis on (1) MR 
features and role in evaluation, (2) pattern and sequence of neuroim- 
aging evaluation via MR, and (3) neuroimaging approach if MR is 
unavailable. Emphasis will be given to the diagnostic strength and 
importance and to the limitations of each type of neuroimaging 
procedure. 


407. MR of musculoskeletal trauma and neoplasia. Berquist TH, 
McLeod RA. Musculoskeletal abnormalities represent the most com- 
mon nonneurologic application of MR imaging. When studies of the 
CNS are excluded, 85% of our remaining studies are for suspected 
musculoskeletal disease or injury. Trauma and neoplasm are the two 
most common conditions leading to the MR examination. Imaging 
techniques (pulse sequences, coil selection, image planes, field of 
view, matrix size, and slice thickness) and selection of patients will 
be reviewed as they apply to MR examination for trauma and neo- 
plasms. Multiple image planes and the ability to clearly define vessels, 
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nerves, tendons, ligaments, and articular and meniscal cartilage make 
MR an ideal screening technique for soft-tissue and articular injuries. 
Extraarticular injuries (muscle tears, nerve compression, compart- 
ment syndromes, etc.) were difficult to image accurately before MR 
became available. The value of MR in assessing acute and chronic 
injuries will be discussed. Comparison with other imaging techniques 
and the variable appearance of hematoma and hemorrhage (factors 
largely responsible for MR changes) will be emphasized. MR has 
several advantages in the evaluation of patients who have musculo- 
skeletal neoplasms. The contribution of MR to the care of these 
patients will be discussed and illustrated. Emphasis will be placed on 
tumor detection, diagnosis, staging, and posttreatment evaluation. 
MR will be compared with other imaging techniques, and recommen- 
dations will be given for the proper ordering and sequencing of the 
various imaging procedures. The common tumor simulators will be 
discussed and demonstrated. 


409. Genitourinary imaging strategies— 1988. Davidson AJ, Talner 
LB. Current approaches to two important uroradiologic problems are 
presented in this course. The first part focuses on problems in the 
diagnosis of urinary tract obstruction. Various causes of obstruction 
and the most direct approaches to their diagnosis are considered. 
The second part of the course discusses discriminating features and 
imaging strategies in the diagnosis of renal masses. The use of 
demographic data, specific imaging characteristics, and the choice of 
diagnostic techniques are considered in detail. 


409. The modern approach to imaging acute abdominal disor- 
ders. Jeffrey RB, Baker SR. This course will focus on plain-film 
radiography, CT, and sonography of clinically important abdominal 
disorders. The emphasis will be on abnormalities that are difficult to 
diagnose clinically or are unsuspected before imaging. The plain-film 
abnormalities will include pneumoperitoneum, intraabdominal ab- 
scess, and intestinal obstruction. In addition, selected aspects of 
bowel ischemia, acute appendicitis, and blunt abdominal trauma will 
be discussed, especially their CT and sonographic manifestations. 


410. Ultrasound image interpretation. Is it real or is it an artifact? 
Cooperberg PL. Most general sonologists do not need to understand 
all of the physics involved in the production of sonographic images. 
However, many types of artifacts that are not related to anatomic 
structures within the body can appear on sonographic images. It is 
important to understand the underlying physical principles to appre- 
ciate the causes of these artifacts and to be able to differentiate 
spurious echoes from real pathologic changes. Among the types of 
artifacts to be described, displayed, and explained are reverberation 
artifacts, ring-down artifacts, off-axis artifacts, and the various kinds 
of acoustic shadowing. Although a review of these types of pitfalls in 
sonographic diagnosis may suggest that diagnoses never can be 
made, it must be remembered that these difficulties arise only rarely, 
and most of the time we can make Clinically useful diagnoses. 


411. Osteoporosis: pathogenesis, consequences, and bone-min- 
eral density. Genant HK, Rogers LF. Osteoporosis and its conse- 
quences have emerged as a matter of great public concern. The 
principal effect of osteoporosis is an increased incidence of fractures, 
with their attendant morbidity and mortality and cumulative cost of 
treatment. The radiologist’s role in the diagnosis of fractures will be 
reviewed, particularly the diagnosis of the more obscure injuries and 
insufficiency fractures peculiar to those affected. Determinations of 
bone-mineral density have emerged as a potentially important tool in 
the diagnosis, management, and prevention of osteoporosis. Single- 
photon and dual-photon absorptiometry (SPA and DPA) and quanti- 
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tative CT will be discussed and compared. The rationale for current 
therapeutic regimens will be reviewed. 


412. Imaging of inflammatory bowel disease. Goldberg H, Thoeni 
R, Wall S. In this instructional course, the features of both idiopathic 
inflammatory disease and inflammation that is the result of known 
Causative agents will be discussed. The major radiographic features 
of idiopathic ulcerative colitis and Crohn disease will be discussed, 
indicating that in most cases, when the proper radiographic tech- 
niques are used, these two disease processes can be differentiated. 
Important techniques for the detection and characterization include 
the double-contrast barium enema, use of the enteroclysis technique 
for the detection of small bowel lesions, and use of the peroral 
pneumocolon for the evaluation of the terminal ileum. The use of 
sonography and CT scanning for the evaluation of inflammatory bowel 
disease will be demonstrated. In particular, Crohn disease has many 
features detectable by both sonography and CT, including not only 
wall thickening, but also mesenteric thickening due to phlegmon, 
abscess, or simple mesenteric fatty proliferation. In addition, the use 
of CT for the evaluation of fistulae will be emphasized. Inflammatory 
processes caused by specific agents have been elucidated more 
recently. These include the various unusual organisms found in 
immunosuppressed patients, particularly those who have AIDS, that 
result in a wide variety of findings from the esophagus to the anus. 
In addition to diseases such as cryptosporidiosis and infections 
caused by cytomegalovirus, herpes virus, Myobacterium avium inter- 
cellulare, and Candida that are found in immunosuppressed patients, 
the gastrointestinal tract can be altered radiographically by giardiasis 
and by bacterial agents such as Campylobacter and Yersenia. 


413. Interventional radiology in the thorax and pleural space. 
Mueller PM, vanSonnenberg E. This course will cover all aspects of 
intervention in the thorax, including biopsy of parenchymal, medias- 
tinal, and pleural lesions; treatment of pneumothoraces; drainage and 
sclerosis of malignant effusions; and drainage of empyema collec- 
tions. The course will be divided into several sections, with ample 
time devoted to discussions in each. The first section will cover 
guided biopsy of parenchymal, mediastinal, hilar, and pleural lesions. 
The advantages and disadvantages of fluoroscopy vs CT vs sonog- 
raphy, principles of access, technique, types of needles used, rate of 
complications, and results will be given. The second portion of the 
course will be devoted to the various methods used in the treatment 
of iatrogenically created pneumothoraces, including needle aspiration, 
catheter insertion, and use of the Heimlich valve. A discussion of the 
mechanics and appropriate use of Pleur-evacs will be given. The third 
part of the course will be devoted to the use of sonography and CT 
for aspiration and drainage of a variety of pleural fluid collections. 
Methods for sclerosis of benign and malignant effusions will be 
discussed. Finally, indications for drainage and the management of 
patients who have empyema collections will be covered. 


414. Endoluminal sonography: transvaginal and transrectal. 
Laing FC, Rifkin MD. Endovaginal pelvic sonography recently has 
been shown to be of value for evaluating patients who have obstetric 
complications or gynecologic diseases. Because the transducers 
used for this examination are placed in close contiguity to the area 
of interest (when compared to transabdominal transducers), higher 
frequency probes can be used. The result is improved spatial reso- 
lution. Obstetric applications include evaluation of infertility, early 
complications of pregnancy, ectopic pregnancy, second-trimester 
placenta previa, and incompetent cervix. Gynecologic applications 
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include evaluation of endometrial pathologic changes; localization of 
intrauterine devices; evaluation of myometrial texture, pelvic inflam- 
matory disease, and adnexal masses; and assessment of free fluid 
in the pelvis. Advantages of this technique include (1) improved 
acceptance by patients (in comparison with abdominal scans) be- 
cause bladder distension is not required and (2) superior anatomic 
detail. The primary limitations include orientation difficulties and a 
limited field of view. Endorectal sonography has been used for 
evaluation of the prostate for the past 20 years and for evaluation of 
rectal cancer for the past 3 years. With the improvement in equipment, 
smaller lesions now can be diagnosed. For prostatic cancer, the 
technique has major advantages: evaluation of nonpalpable cancer: 
confirmation of questionable areas of abnormality found on digital 
rectal examination; and, most importantly, accurate guidance for 
biopsy. It also is useful in staging of prostatic cancer and in follow- 
up for the efficacy of treatment. The major benefit of evaluation of 
rectal cancer is for local staging. Sonography appears to be more 
accurate than other imaging studies (e.g., barium enema and CT). 
Although sonography does not detect small cancers as well as the 
clinical studies do, it more accurately defines extension through the 
wall of the rectum and involvement of local lymph nodes. 


Friday, May 13 


Symposium of Chest Imaging Update. See Table 3 for topics and 
instructors. Register on registration form for this complimentary pro- 
gram. 


TABLE 3: Chest Imaging Update 


SL SS SS SS SS 
Topic/Time Presenter 








Computed Tomography Moderator: Stewart Sagel 


8:00 a.m. Overview (Sage/) 

8:10 a.m. Focal lung disease (Zer- 
houni) 

8:35 a.m. Diffuse lung disease 
(Muller) 

9:00 a.m. Staging of bronchogenic 


carcinoma (Pugatch) 
Interventional Radiography 


9:25 a.m. Intrathoracic drainage 
procedures (Westcott) 
9:45 a.m. Percutaneous biopsy of 
central lesions (Weis- 
brod) 
Digital Imaging Moderator: Carl Ravin 
10:25 a.m. Overview (Ravin) 
10:35 a.m. Digital angiography 
(Barth) 
10:55 a.m. Digital radiography 
(MacMahon) 
Magnetic Resonance Imaging Moderator: Gordon 
Gamsu 
11:15 a.m. Overview (Gamsu) 
11:25 a.m. Intrathoracic vascular le- 
sions (Webb) 
11:50 a.m. Applications of MRI of 


the thorax (McLoud) 
ET I SES SS RS ES, 


Note.—There is no fee for this symposium. However, to facilitate planning, 
please register on the meeting registration form. 
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ACR Luncheon Presentations on 
Socioeconomics of Radiology 


A series of luncheon presentations on the socioeconom- 
ics of radiology will be arranged by the American College 
of Radiology (ACR). A box lunch will be provided. The 
presentations do not conflict with other elements of the 
program. Advance registration is required. Cost per ses- 
sion is $12. 


Date, Topic, Speaker 


Monday, May 9: Governmental Issues, Otha W. Linton, 
associate executive director, ACR 

Tuesday May 10: Alphabet Soup: RAPS, RVS, AMA, 
HFCA, etc., Thomas Meaney, M.D. or Franklin Angell, 
M.D. 

Wednesday, May 11: Marketing of Radiology, Michael 
Lopiano, M.D. 

Thursday, May 12: PPO-RVS Study Progress, James 
Moorefield, M.D. 


Faculty List 


Adler, Dorit D., University of Michigan School of Medicine 
Alcorn, Franklin S., Rush-Presbyterian—St. Lukes Medical School 
Baker, Stephen R., Albert Einstein College of Medicine 
Barbaric, Zoran L., University of California, Los Angeles 
Bassett, Lawrence W., University of California, Los Angeles 
Barth, Klemens H., Georgetown University Hospital 

Berk, Robert N., Editor, American Journal of Roentgenology 
Berquist, Thomas H., Mayo Clinic Foundation 

Bradley, William G., Jr., Huntington Medical Research Institute 
Brant-Zawadzki, M., University of California, San Francisco 
Brasch, Robert C., University of California, San Francisco 
Brenner, R. James, Cedars-Sinai Medical Center 

Bunker, Stephen R., Children’s Hospital of San Francisco 
Burhenne, H. Joachim, University of British Columbia 

Carlson, Harley C., Mayo Clinic Foundation 

Cooperberg, Peter L., University of British Columbia 

Crass, Jeffrey R., State University of New York at Stony Brook 
Cronan, John J., Rhode Island Hospital 

Daffner, Richard H., Allegheny General Hospital 

Davidson, Alan J., Armed Forces Institute of Pathology 

Davis, David O., George Washington University Medical Center 
Davis, Kenneth R., Massachusetts General Hospital 

Dorfman, Gary S., Rhode Island Hospital 

D’Orsi, Carl J., University of Massachusetts Medical School 
Drayer, Burton P., St. Joseph’s Hospital and Medical Center 
Dunnick, N. Reed, Duke University Medical Center 

Edelman, Robert R., Grossmont Hospital 

Federle, Michael, University of California, San Francisco 

Feig, Stephen A., Jefferson Medical College 

Feigin, David S., University of California, San Diego 
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Ferrucci, Joseph T., Massachusetts General Hospital 

Filly, Roy, University of California, San Francisco 

Fleischer, Arthur C., Vanderbilt University 

Forrester, Deborah M., University of Southern California 

Freeny, Patrick C., Virginia Mason Clinic 

Fritzsche, Peggy J., Loma Linda University Medical Center 

Gamsu, Gordon, University of California, San Francisco 

Genant, Harry K., University of California, San Francisco 

Ghahremani, Gary G., Evanston Hospital-McGaw Medical Center of 
Northwestern University 

Goldberg, Henry l., University of California, San Francisco 

Gooding, Charles A., University of California, San Francisco 

Gooding, Gretchen A. W., University of California, San Francisco 

Gosink, Barbara B., University of California, San Diego 

Gray, Joel E., Mayo Clinic Foundation 

Haggar, Allan M., Henry Ford Hospital 

Handmaker, Hirsh, Children’s Hospital, San Francisco 

Harcke, H. Theodore, Alfred |. du-Pont Institute 

Helms, Clyde A., University of California, San Francisco 

Higgins, Charles B., University of California, San Francisco 

Hillman, Bruce J., University of Arizona, Tucson 

Hilton, Saskia, associate editor, American Journal of Roentgenology 

Hricak, Hedvig, University of California, San Francisco 

Jacobson, Harold G., Albert Einstein College of Medicine 

Jeffrey, Brooke, University of California, San Francisco 

Jones, Malcolm D., University of California, Irvine 

Kangarloo, Hooshang, University of California, Los Angeles 

Kerr, Roger, University of Southern California Medical Center 

Kneeland, Bruce, Milwaukee County Hospital 

Kopans, Daniel B., Massachusetts General Hospital 

Kuhn, Gerald, Buffalo Children's Hospital 

Kushner, David C., Massachusetts General Hospital 

Laing, Faye C., University of California, San Francisco 

Leopold, George R., University of California, San Diego 

Leroy, Andrew J., Mayo Clinic Foundation 

Lipton, Martin J., University of California, San Francisco 

Logan, Wende W., Millard-Fillmore Hospital 

MacMahon, Heber, University of Chicago Medical Center 

Maglinte, Dean D. T., Methodist Hospital of Indiana 

Maklansky, Daniel, Mt. Sinai Medical Center 

Margulis, Alexander R., University of California, San Francisco 

McClennan, Bruce L., Washington University of St. Louis 

McLean, Gordon K., University of Pennsylvania 

McLelland, Robert, University of North Carolina School of Medicine 

McLeod, Richard A., Mayo Clinic Foundation 

McLoud, Theresa C., Masachusetts General Hospital 

Merritt, Christopher B., Ochsner Clinic 

Modic, Michael T., University Hospitals of Cleveland 

Morin, Richard L., Mayo Clinic Foundation 

Moskowitz, Myron, University of Cincinnati 

Moss, Albert A., University of Washington 

Mueller, Peter R., Massachusetts General Hospital 

Muller, Nestor, University of British Columbia 

Newman, Beverley, University of Pittsburgh 

Newton, Hans, University of California, San Francisco 

Norman, David, University of California, San Francisco 

Oh, Kook S., University of Pittsburgh 

Paulus, David D., M.D. Anderson Hospital & Tumor Institute 

Pugatch, Robert D., Brigham and Women’s Hospital 

Ralls, Philip W., University of California, Los Angeles 

Ravin, Carl E., Duke University Medical Center 

Rebner, Murray, University of Michigan School of Medicine 

Rifkin, Matthew D., Thomas Jefferson University Medical Center 

Ring, Ernest, University of California, San Francisco 
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Rogers, Lee F., Northwestern University Medical School 
Rosenquist, C. John, University of California, Davis 

Sagel, Stuart S., Mallinckrodt Institute of Radiology 

Saini, Sanjay, Massachusetts General Hospital 

Sartoris, David J., University of California, San Diego 
Seeger, Leanne L., University of California, Los Angeles 
Shetty, P. C., Henry Ford Hospital 

Shuman, William P., University of Washington 

Sickles, Edward A., University of California, San Francisco 
Sos, Thomas A., New York Hospital—-Cornell Medical Center 
Stark, David D., Massachusetts General Hospital 

Sullivan, Daniel, Duke University Medical Center 

Talner, Lee B., University of California, San Diego 
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Taylor, Kenneth J. W., Yale University School of Medicine 
Thoeni, Ruedi, University of California, San Francisco 
Thompson, William M., University of Minnesota, Minneapolis 
Troupin, Rosalind H., University of Pennsylvania 
vanSonnenberg, Eric, University of California, San Diego 
Wall, Susan, University of California, San Francisco 

Webb, W. Richard, University of California, San Francisco 
Weisbrod, Gordon L., Toronto General Hospital 

Westcott, Jack, New York Hospital—-Cornell Medical Center 
Whalen, Elizabeth, American Journal of Roentgenology 
Winfield, Alan C, Vanderbilt University 

Zerhouni, Elias A., The Johns Hopkins Hospital 
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American Roentgen Ray Society 1988 Scientific Program 


The scientific program is divided into parallel sessions so that registrants may choose topics related to their interests. A total 
of 189 papers will be presented Monday-Thursday, May 8-12. In addition, on Wednesday morning, May 11, a special session 
will be devoted to award-winning papers and the Caldwell Lecture, to be delivered by Donald Resnick of San Diego. On Friday, 


May 13, there will be a special 4-hr symposium, Chest Imaging Update. 


Monday, May 9, 10:30 a.m.-12:30 p.m. 


l. Chest Imaging: | 


10:30 


10:42 


10:54 


11:06 


11:18 


11:30 


11:42 


11:54 


12:06 


f 


‘a 


Peripheral right upper lobe atelectasis. Gurney J, 
Thorsen M, Goodman L 

MRI of superior sulcus tumors. Pearlberg J, 
Haggar A 


. Role of computed tomography in evaluation of 


pleural effusions of unknown etiology. Bourgouin 
P, McLoud T, Moore E, Shepard J 


. Percutaneous catheter drainage of pleural fluid 


collections. Merriam M, Dorfman G, Cronan J 


. Chest wall venous collaterals: CT indicator of sys- 


temic venous hypertension. Mantello M, White M 


. The reliability of mobile-unit radiography for pre- 


dicting extravascular lung water. Anderson D, 
Glazer H, Eisenberg P, Hansbrough J, Schuster D 


. Detection of calcification in solitary pulmonary 


nodules using dual-energy digital radiography. 
Sanders C, Sabbagh E, Barnes G, Fraser R 


. High-resolution CT in assessment of sarcoid lung 


disease: correlation with pathology and other 
staging methods. Lynch D, Webb W, Golden J, 
Stulbarg M 


. The abnormal secondary pulmonary lobule: high- 


resolution CT. Bergin C, Roggli V, Coblentz C, 
Chiles C 


ll. Gastrointestinal Imaging: | 


10:30 


10:42 


10:54 


11:06 


10. 


Th 


12. 


13. 


Positive predictive value of a diagnosis of colonic 
polyp on the single-contrast and double-contrast 
barium enema. Scharling E, Ott D, Chen Y, Gelfand 
D, Wu W 

Large colonic neoplasms missed by endoscopy. 
Glick S, Teplick S, Balfe D, Levine M 

The barium enema diagnosis of colon cancer: can 
the surgeon rely on it? Frager D, Wagner R, Wolf 
E, Frager J, Beneventano T 

The accuracy of polyp detection in the presence 
of diverticulosis. Simms S, Ackerman L, Feczko P 


11:18 


11:30 


11:42 


11:54 


12:06 


14. 


15. 


16. 


17. 


18. 


Can CT stage esophageal carcinoma after radia- 
tion therapy? Comparison of CT with surgical find- 
ings. Halvorsen R Jr, Wolfe W, Foster W Jr, Thomp- 
son W 

High-resolution ultrasound in acute appendicitis: 
the fate of the negative study. Gaensler E, Jef- 
frey R 

Vicarious biliary excretion of contrast on com- 
puted tomography. Nemcek A Jr, Urban M, Vogel- 
zang R, Gore R 

Computed tomography of liver metastases: a 
reappraisal of contrast enhancement methodol- 
ogy. Zeman R, Brody J, Paushter D, Silverman P, 
Garra B, Jaffe M 

Periportal tracking of blood: a subtle sign of he- 
patic trauma. Macrander S, Lawson T, Foley W, 
Dodds W, Erickson S, Quiroz F 


lll. Neuroradiology: | 


10:30 


10:42 


10:54 


11:06 


11:18 


11:30 


11:42 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


MRI and CT in vein of Galen “aneurysm.” Seiden- 
wurm D, Hyman A, Kowalski H, Berenstein A 

New technique for adult transcranial Doppler ex- 
amination. Hashimoto B, Hattrick C 

Duplex sonography of the vertebral arteries: 
measurement of net flow. Bohm-Velez M, Mendel- 
son E, Pedicelli G, Katanick S, Joseph N, Neiman H 
Color-flow vascular imaging: comparison with 
point spectral analysis in estimation of carotid 
artery stenosis. Erickson S, Foley W, Lawson T, 
Macrander S, Quiroz F 

Direct visualization of major intracranial vessels 
of neonates by color-flow Doppler imaging. Wong 
W, Tsuruda J, Lieberman R, Vogt J, Gangitano E 
Luxury perfusion in cerebral infarcts: comparison 
of CT, MRI, and SPECT. Henkes H, Cordes M, 
Schorner R, Roland F 

High-resolution MRI of the cervical spinal cord: 
distinguishing cord anatomy from artifact at high 
fields. Carvlin M, Hackney D, Asato R, Muraki A, 
Rajan S, Mun S 
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11:54 


26. 
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Total myelographic block from extruded HNP: CT 
pitfalls. Teplick J, Haskin M 


12:06 


27. 
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MR-gated intracranial liquor dynamics (MR-GILD): 
evaluation of CSF pulsatile flow. Njemanze P, Beck 
J, Lissner J 


Tuesday, May 10, 10:00 a.m.-12:30 p.m. 


IV. Breast Imaging 


10:00 


10:12 


10:24 


10:36 


10:48 


11:00 


11:12 


11:24 


11:36 


11:48 


12:00 


12:12 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


Incidence and long-term follow-up of breast cal- 
cification on mammograms. Wang Y, Feig S, Dick 
B, Cooperman H 

Breast calcifications in postradiation therapy lum- 
pectomy patients. Rebner M, Pennes D, Lichter A, 
Adler D 

Breast carcinomas: the echogenic rim. Mendelson 
E, Bhagwanani D, Bohm-Velez M, Rishi U, Neiman 
H, Joseph N 

Lobular carcinoma of the breast: mammographic- 
pathologic correlation. Krecke K, Gisvold J 

Benign breast disease simulating cancer: radio- 
logic-pathologic correlation. Berkowitz J, Gate- 
wood O, Gayler B 

Breast aspiration biopsy: influence of sample size 
on sensitivity. Pennes D, Naylor B 
Radiologic-pathologic correlation of breast local- 
izations with follow-up: 5-year experience. Archer 
A, Brody J, Abbondanzo S, Cigtay O 

Sedimented calcium in benign breast cysts: the 
full spectrum of mammographic presentations. 
Linden S, Sickles E 

Comparison of 350 cases of the new black toner 
xeroradiography with grid film imaging. Martin J 
Film-screen mammography in females under 30 
years old. Pope T Jr, Loudermilk D 

Development of a quality-assurance program in 
mammography. Pavlicek W, Chilcote W, Walmsley 
J, Kobistek R 

Lucite and/or wax vs BR12 mammography test 
objects. Kimme-Smith C, Bassett L, Gold R 


V. Genitourinary Imaging: | 


10:00 


10:12 


10:24 


10:36 


10:48 


40. 


41. 


42. 


43. 


44. 


Optimizing use of intravenous urographic contrast 
in routine abdominal and pelvic CT. Platt J, 
Glazer G 

MRI characterization and comparison of hyper- 
functioning and nonhyperfunctioning benign ad- 
renal cortical lesions. Remer E, Weinfeld R, Glazer 
G, Quint L, Francis |, Gross M, Yeung H 
Determination of optimal contrast within the nor- 
mal and pathologic uterus via synthetic MR im- 
ages. Duberg A, McCarthy S, Lange R 

Fallopian tube recanalization: initial follow-up re- 
sults. Thurmond A, Rösch J, Uchida B 

Magnetic resonance imaging of primary bladder 
carcinoma: radiologic, surgical, and pathologic 
comparison. Paling M, Lippert M, Mills S 


11:00 


11:12 


11:24 


11:36 


11:48 


12:00 


12:12 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


Imaging penetrating trauma of the back and flank: 
the CT enema. Sclafani S, Phillips T, Scalea T, 
Teitcher J, Duncan A, Atweh N 

CT of intraperitoneal urinoma. Raval B, Gutierrez 
C, Sandler C 

Inferior vena cava tumor thrombus in retroperito- 
neal malignancies: assessment by MRI. Raval J, 
Pritchett T, Colletti P 

Diagnostic workup of patients with renal cell car- 
cinoma suitable for partial nephrectomy: compar- 
ison of MR, CT, and angiography. Fisher M, McVary 
K, Kozlowski J, Vogelzang R 

The inability to detect kidney disease on the basis 
of renal echogenicity and anisotropy. Platt J, Rubin 
J, Bowerman R, Marn C 

Microradiographic demonstration of human intra- 
renal microlymphatic pathways. Cuttino J, Clark R, 
Jennette J 

Twenty-four-—hour delayed benign cortical renal 
enhancement. Love L, Lind J, Olson M 


VI. Angiography: | 


10:00 


10:12 


10:24 


10:36 


10:48 


11:00 


11:12 


11:24 


11:36 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


Total iliac occlusions: introduction of pull-through 
technique for establishing access for balloon an- 
gioplasty. Thorpe P, Bowles C, Ginsburg R, Wright 
A, Wexler L 

PTA and endovascular stents for suboptimal ar- 
terial graft anastamoses: long-term patency in a 
canine model. Brunner M, Alspaugh J, Tuten T, 
Chuang V, Gianturco C, Casarella W 

Stanford experience with the laser probe and Ken- 
sey catheter in superficial femoral artery occlu- 
sions. Thorpe P, Ginsburg R, Jenkins N, Wright A, 
Wexler L 

Rethrombosis following successful fibrinolytic in- 
fusion for lower extremity ischemia. Sniderman K 
Pseudoaneurysm and arteriovenous fistula. Two 
major complications of percutaneous transfemoral 
cardiac catheterization: mechanisms and preven- 
tion. Kim D, Orron D, Porter D, Skillman J, Baim D 
Outpatient angioplasty. Pollei S, Wolfel D, Lovett B, 
Gordon R 

Infrapopliteal artery angioplasty. Bakal C, Spray- 
regen S, Scheinbaum K, Veith F 

Diagnosis of prosthetic aortic graft infection by 
magnetic resonance imaging (MRI). Auffermann W, 
Olofsson P, Stoney R, Higgins C 

Angiography in penetrating injury in proximity to a 
major extremity artery. Reid J, Redman H, Thal E, 
Weigelt J 
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11:48 


12:00 


61. 


62. 


The role of angiography in penetrating neck 
trauma. Sclafani S, Cavaliere G, Scalea T, Phillips T, 
Atweh N, Duncan A, Glanz S 

Color-flow Doppler imaging in hemodialysis ac- 
cess. Middleton W, Picus D, McCullough C, Melson 
G, Marx M, Weyman P 


12:12 
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63. Hemodialysis-associated subclavian vein steno- 


sis: incidence, predisposing factors, and treat- 
ment by percutaneous angioplasty. Saeed M, Co- 
han R, Schwab S, Perlmutt L, Kadir S 


Tuesday, May 10, 1:30-3:30 p.m. 


VII. Skeletal Radiology: | 


1:30 


1:42 


1:54 


2:06 


2:18 


2:30 


2:42 


2:54 


3:06 


3:18 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


rt. 


re 


73. 


MRI of wrist disorders. Feldman F, Singson R, Sta- 
ron R 

Temporal radiographic changes in the rheumatoid 
wrist. Hendrix R, Gutstein L, Rogers L 

MR of osteomyelitis in diabetic foot. Yuh W, Corson 
J, Kathol M, Montgomery W, Shamma A, Baran- 
iewski H 

Lymphomatous skeletal involvement: bone and 
gallium citrate scintigraphic correlation. Orzel J, 
Sawaf N, Richardson M 

Skeletal metastases vs radiation necrosis in 
treated invasive cervical carcinoma: a diagnostic 
dilemma. Yousem D, Scott W, Fishman E 
Radiologic features of well-differentiated osteo- 
sarcoma. Siegel C, Ellis J, Martel W, Weatherbee L, 
Dorfman H, Hudson T 

Evaluation of an X-ray dual-photon absorptiometry 
bone-mineral scanner. Smith S, Sorenson J, Collick 
B, Duke P, Pedersen P 

Quantitative dual-energy digital projection radiog- 
raphy of the lumbar spine: comparison to dual- 
photon absorptiometry and quantitative computed 
tomography in patients. Borders J, Sartoris D, Stein 
J, Ramos E, Resnick D 

Qualitative CT of the spine: intervertebral body 
variability. Thickman D, Nodine C, Iddenden D 
Reproducibility (precision) of QCT: effects of lon- 
gitudinal slice position, gantry angle, and spine- 
phantom air gap. Gillespy T, Davis J 


VIII. Interventional Radiology 


1:30 


1:42 


1:54 


2:06 


2:18 


74. 


75. 


76. 


Fi 


78. 


Safe transvisceral access using a blunt needle. 
Akins E, Hawkins |, Mladinich C, Siragusa R, Tup- 
pler R 

Augmented drainage of viscid fluid collections by 
percutaneous insertion of large-caliber catheters. 
Katz S, Bernstein M, Berman H 

Changing an occluded drainage catheter: some 
technical options. Crummy A, McDermott J, Voegeli 
D, Babel S 

Pain relief via percutaneous CT-guided celiac gan- 
glion block: technique and results. Mueller P, van 
Sonnenberg E, Saini S, Casola G, Hahn P, Steiner E 
Techniques and complications of chemoinfusion 
and chemoembolization of the hypogastric artery 
for advanced gynecologic malignancies. Quinn S, 
Clark R, Kavanagh J, Greenberg H, Cavanagh D, 
Roberts W, Lapolla J, Hoffman M, Fiorica J 


2:30 


2:42 


2.54 


3:06 


3.18 


79. 


80. 


81. 


82. 


83. 


Results and complications of transcatheter em- 
bolization of hemorrhaging pelvic neoplasms. 
Lang E 

Minimally invasive modified Sugiura (MIMS) pro- 
cedure for treatment of variceal bleeding. Berman 
H, DelGuercio L, Katz S, Hodgson W, Savino J 
Insertion of subclavian hemodialysis catheters in 
difficult cases: an interventional radiographic so- 
lution. Selby B, Tegtmeyer C, Amodeo C, Bittner G, 
Atuk N 

One-stage percutaneous placement of large cath- 
eter suprapubic cystostomy: technique and re- 
sults. Papanicolaou N, Pfister R, Steiner E 
Povidone-iodine sclerosis for postoperative lym- 
phoceles: a prospective study. Cohan R, Saeed M, 
Schwab S, Perlmutt L, Dunnick N 


IX. Ultrasonography 


1:30 


1:42 


1:54 


2:06 


2:18 


2:30 


2:42 


2:54 


3:06 


3:18 


84. 


85. 


86. 


87. 


89. 


90. 


91. 


92. 


93. 


Transvaginal ultrasound in gynecology (excluding 
infertility). Bret P, De Stempel J, Atri M, Illescas F, 
Aldis A 

Endovaginal sonography in the evaluation of pel- 
vic masses. Leibman A, Kruse B 

Transvaginal sonography in suspected ectopic 
pregnancy. Joseph N, Mendelson E, Bohm-Velez M, 
Neiman H, Pedicelli G, James P, Wiener H 
Transvaginal Doppler assessment of blood flow 
to the ovaries in infertile patients. McSweeney M, 
Baber R, Kossoff G, Gill R 

Inability of sonography to detect imminent ovula- 
tion. Middleton W, Thorsen M, Zandt-Stansny D, 
Aiman J, Zion A, McAsey M 

Pregnancies associated with congenital uterine 
anomalies. Fagan C, Bedi D, Winsett M 

Prenatal sonographic detection of anencephaly. 
Goldstein R, Filly R 

Maternal AFP screening: extrafetal findings as- 
sociated with elevated levels. Kelly R, Nyberg D, 
Fitzsimmons J, Mack L, Davis S 

The predictive value of ultrasound to determine 
retained products of conception following spon- 
taneous miscarriage. Shlansky-Goldberg R, Kurtz 
A, Choi H, Needleman L, Pennell R, Baltarowich O, 
Vilaro M, Mitchell D, Goldberg B 

The spectrum of sonographic findings in endo- 
metriomas. Athey P, Diment D 
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Wednesday, May 11, 1:30-3:30 p.m. 


X. Magnetic Resonance Imaging: | 


1:30 


1:42 


1:54 


2:06 


2:18 


2:30 


2:42 


2:54 


3:06 


3:18 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


Gradient-echo MR screening for liver metastases. 
Hahn P, Stark D, Edelman R, Wittenberg J, Fer- 
ruci J 

Comparison of gadolinium-DTPA and (Gd-DTPA)- 
albumin in MR imaging of liver tumors. Hamm B, 
Taupitz M, Weinmann H, Bauer H 

Magnetic resonance imaging of atypical cavern- 
ous hemangiomas. King P, Clark R, Quinn S 
Combined CT/MR workup of low-density hepatic 
lesions at the falciform ligament. Meyer J, Francis 
|, Glazer G, Borrello J, Vahey T 

Focal liver lesions in MRI: a new multislice gra- 
dient-echo sequence. Langer M, Bittner R, Laniado 
M, Sander B 

T2-weighted inversion recovery imaging of liver 
metastases at high field. Albert S, Cheung Y, 
Leeds N 

Early detection of small hepatic tumor using MR/ 
CT experimental and clinical comparison. Chiu L, 
Peng T, Butler J, Trezona T, Ong R 

MRI of portal vein thrombosis. Levy H, New- 
house J 

Hepatic iron overload: diagnosis and quantifica- 
tion by MR imaging. Chezmar J, Nelson R, Slaker 
D, Bills E, Malko J, Bernardino M 

Liver imaging with MAST and STIR-MAST tech- 
niques. Bellon E, Pattany P, Benson J, Motta A 


XI. Genitourinary Imaging: II 


1:30 


1:42 


1:54 


2:06 


2:18 


104. 


105. 


106. 


107. 


108. 


Age-related changes of the prostate: MRI at 1.5 
Tesla. Allen K, Kressel H, Arger P, Pollack H 
Ultrasound of diffuse prostatic carcinoma: the hy- 
poechoic peripheral zone. Bree R, Jafri S, 
Roberts J 

Ultrasonography of whole prostate specimens 
with morphologic correlation: normal prostate. 
Hardt N, Li K, Kaude J, Ros P, Hackett R 
Radiologic treatment for benign prostatic hyper- 
trophy. Castaneda F, Hulbert J, Reddy P, Letourneau 
J, Hunter D, Castaneda-Zuniga W, Amplatz K 
Magnetic resonance imaging of patients after bal- 
loon dilatation of the prostate. Johnson S, Casta- 
neda F, Kuni C, Letourneau J, Hunter D, Castaneda- 
Zuniga W, Amplatz K, Hulbert J, Reddy P 


2:30 


2:42 


2:54 


3:06 


3:18 


109. 


110. 


111. 


112. 


113. 


Maturation of the testis: ultrasound evaluation with 
histopathologic correlation. Hamm B, Fobbe F, 
Dietzel M, Winter S 

Color-flow Doppler imaging of the vascular system 
in the scrotum. Thorn D, Middleton W, Melson G 
The practical value of fluoroscopically guided 
brush biopsy of the upper urinary tract. Sheline M, 
Amendola M, Pollack H, Banner M, Morenas A, 
Wein A 

US-guided percutaneous nephrostomy for urinary 
obstruction during pregnancy. vanSonnenberg E, 
Casola G, Talner L, Varney R, Wittich G, Christen- 
sen R 

US-guided transvaginal biopsies in pelvic masses: 
preliminary experience. Bret P, Atri M, Illescas F, 
Seymour R, De Stempel J 


XII. Skeletal Radiology: II (Spine) 


1:30 


1:42 


1:54 


2:06 


2:18 


2:30 


2:42 


2:54 


3:06 


3:18 


114. 


115. 


116 


Tir: 


118 


119 


120. 


121 


122 


123 


The application of MR in management of cranio- 
vertebral abnormalities. Yuh W, Menezes A, Sickels 
W, Sato Y 

Detection of vertebral destruction with routine lat- 
eral radiography: a reevaluation using a controlled 
study with application of quantitative computed 
tomography. Haller J, Resnick D, Andre M, Sartoris 
D, Mitchell M, Howard B 

MR of vertebral compression fractures. Zachar C, 
Yuh W, Barloon T, Sato Y 

MRI STIR of acute vertebral fracture. Wiener S, 
Neumann D, Rzeszotarski M 

Radiologic assessment of posttraumatic vertebral 
stability. Daffner R, Deeb Z, Goldberg A, Khoury M, 
Rothfus W 

MRI of ligamentous injuries of the spine. Gray L, 
Bennett W, Djang W 

The open-mouth view of the dens revisited: the 
significance of asymmetry. Lee C, Woodring J, 
Jenkins K, Goldstein S 

Plain radiography of unilateral facet lock of the 
cervical spine: the laminar/facet interspace. 
Young J, Rothe A, Resnik C, Mirvis S 

Protocol “driven” radiologic evaluation: an effi- 
cacy study for suspected cervical spine injury. 
Mirvis S, Joslyn J, Chirico P, Reiner B, Diaconis J 
Cervical spine injury in children: radiologic mani- 
festations. Ehara S, El-Khoury G, Sata Y 


Thursday, May 12, 10:00 a.m.-12:30 p.m. 


XIII. Angiography: II 


10:00 


124. 


Incidence of femoral vein thrombosis following 
percutaneous placement of the Greenfield filter. 
Pais S, Tobin K, Austin C, Queral L 


10:12 


10:24 


125. 


126. 


Long-term follow-up of the Günther vena-cava fil- 
ter. Fobbe F, Dietzel M, Sörensen R 

Interobserver variability in the interpretation of 
contrast venography, Tc-99m red blood cell ven- 
ography and impedance plethysmography (IPG) 
for the diagnosis of deep vein thrombosis. lllescas 
F, LeClerc J, Rosenthall L, Herba M 
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10:36 


10:48 


11:00 


11:12 


11:24 
11:36 


11:48 


12:00 


12:12 


127. 


128. 


129. 


130. 


131. 
132. 


133. 


134. 


135. 


Insertion site patency in percutaneous Greenfield 
placement: technical refinements that positively 
affect outcome. Dorfman G, Cronan J, Paolella L, 
Haas R 

Predictive value of ultrasound diagnosis of lower 
extremity deep vein thrombosis. Polak J, O'Leary 
D, Wade C, Creager M 

High-resolution real-time ultrasonography in the 
evaluation of lower-extremity deep venous throm- 
bosis. Meza M, Sadiq S, Miller L, Steele R Jr, Gag- 
liardi R 

A new retrograde basket-antegrade needle im- 
paling technique for vascular and luminal access. 
Siragusa R, Feaster S, Hawkins | Jr 

MR angiography. Lois J, Fisher H, Gomes A 
Abdominal vascular anatomy and patency: clinical 
utility of two new MRI pulse techniques. Wozney 
P, Davis P, Tobben P, White R 

Experience with two new CO, injector systems for 
CO, digital subtraction angiography. Pry R, Hawk- 
ins |, Siragusa R, Akins E 

The use of a mechanical power injector for CT 
contrast enhancement: reflections after 3500 pa- 
tients. Zeman R, Clark L, Silverman P, Garra B, Jaffe 
M, McVay L, Brody J, Jacob W, Choi A 
Radiocontrast-induced acute renal failure in fem- 
oral angiography: a comparison of low-osmolar 
and conventional high-osmolar contrast media. 
Lautin E, Freeman N, Schoenfeld A, Bakal C, Spray- 
regen S, Braha S 


XIV. Neuroradiology: II 


10:00 
10:12 


10:24 


10:36 


10:48 


11:00 


11:12 


11:24 


136. 
137. 


138. 


139. 


140. 


141. 


142. 


143. 


Efficiency of MR vs CT in epilepsy. Heinz E 
High-resolution MR in evaluation of epidural tumor. 
Pollei S, Smoker W, Harnsberger H, Osborn A 
Intracranial extraaxial cystic tumors: MRI in 30 
proven cases. Seidenwurm D, Pinto R, Kowalski H, 
Kricheff | 

Plain and gadolinium-DTPA-enhanced multislice 
gradient-echo images for evaluation of intracra- 
nial tumors. Kornmesser W, Schoerner W, Sander 
B, Laniado M, Nakamura T, Felix R 

Intraoperative sonography in low-grade gliomas. 
Hatfield M, Rubin J, Gebarski S 
Pseudoenlargement of the optic nerve. Azar-Kia B, 
Mafee M, Haag J, Naheedy M, Fine M 

The radiographic evaluation of pulsatile tinnitus. 
Remley K, Coit W, Harnsberger H 

Comparison of magnetic resonance imaging with 
radionuclide scanning for localization of parathy- 
roid adenoma. Khan A, Attie J, Moskowitz G, Ru- 
mancik W, Herman P 


11:36 


11:48 


12:00 


12:12 
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144. High-resolution computed sonography of the para- 


145. 


146. 


147. 


thyroid glands. Abu-Yousef M, Fruechte D, Gurll N, 
Al-Jurf A 

CT of nasopharyngeal carcinoma: significance of 
widening of the prevertebral soft-tissue space on 
axial/scans. Hoe J 

Posttreatment CT appearance in advanced neck 
malignancies. Radecki P, Mohr R, Friedman A, 
Johnson M, Caroline D, Lev-Toaff A 

Soft-tissue changes following radiation therapy in 
patients with head and neck tumors: evaluation 
by CT. Bronstein A, Nyberg D, Schwartz A, Shuman 
W, Griffin B 


XV. Gastrointestinal Imaging: II 


10:00 


10:12 


10:24 


10:36 


10:48 


11:00 


11:12 


11:24 


11:36 


11:48 


12:00 


12:12 


148. 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


Treatment of biliary stones with monooctanoin pre 
and/or during MTBE chemolysis: a synergistic ef- 
fect. Haskin P, Brandon J, Teplick S, Sammon J, 
Haskin M 

Extracorporeal shock-wave lithotripsy (ESWL) in 
common bile duct calculi. Ros P, Li K, King C, 
Hawkins | 

Extracorporeal lithotripsy in the management of 
bile duct stones. Fried L, Lebrun P, Norman R, 
Fraser D 

Use of a current-generation intravenous cholan- 
giography agent (lotroxate) for stone targeting 
during extracorporeal shock-wave lithotripsy: an 
experimental study. Becker C, Burhenne H 
Physical characteristics of gallstones removed at 
cholecystectomy: implications for shock-wave 
lithotripsy. Brink J, Ferrucci J, Simeone J, Mueller P 
CT analysis of gallstones: correlation with chemi- 
cal analysis. Baron R, Lee S, Teefey S, Shuman W, 
Rohrmann C Jr 

Percutaneous subhepatic cholecystostomy with 
removable anchor. Cope C 

Lasers in biliary obstruction: work in progress. 
Dachman A, McGehee J, Beam T, Venbrux A 
Towards painless percutaneous biliary proce- 
dures: new strategies and alternatives. Vogelzang 
R, Nemcek A Jr 

Percutaneous gastrostomy tube placement for the 
symptomatic relief of bowel obstruction. Picus D, 
Marx M, Weyman P 

The role of interventional radiology for complica- 
tions of cholecystectomy. vanSonnenberg E, Ca- 
sola G, Varney R, Christensen R, Neff C, Withers C, 
Wittich G, Moossa A 

The occluded biliary endoprosthesis: terminal 
event or salvageable? Mueller P, Steiner E, Hahn 
P, Saini S, Forman B, Silverman S, Ferrucci J 


Thursday, May 12, 1:30-3:30 p.m. 


XVI. Skeletal Radiology: Ill 


1:30 


160. 


MRI of the patella and patellofemoral joint. Stoller 
D, Genant H 


1:42 


1:54 


161. 


162. 


Pulse-sequence optimization for the knee: 3 DFT- 
FISP imaging. Unger E, Cohen M, Brown T 

MRI of popliteal masses of the knee. Stoller D, 
Steinback L, Kaplan P, Genant H 
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2:06 
2:18 


2:30 


2:42 


2:54 


3:06 


3:18 


XVII. 


1:30 


1:42 


1:54 


2:06 


2:18 


2:30 


2:42 


2:54 


163. 
164. 


165. 


166. 


167. 


168. 


169. 
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Pseudoliphemarthrosis. Bohrer S 

High-resolution MR imaging of the tendons of the 
ankle: normal and pathologic states. Cheung Y, 
Jahss M, Noto A, Rosenberg Z 

Limited detection of rotator cuff tears by ultra- 
sound. Miller C, Karasick D, Kurtz A, Fenlin J 

The Segond fracture: a small avulsion that reflects 
major ligamentous damage. Goldman A, Pavlov H, 
Rubenstein D 

Pylon fractures of the ankle: a distinct clinical and 
radiological entity. Mainwaring B, Daffner R, 
Riemer B 

2D and 3D CT evaluation of acetabular fractures: 
a systematic approach. Fishman E, Magid D, 
Drebin R 

Imaging of osteoporotic sacral fractures. Martinez 
S, Vogler J 


Magnetic Resonance Imaging: Il 


170 


171. 


172. 


173. 


174. 


175. 


176. 


177. 


The economics of MRI in clinical practice, 1988. 
Evens R, Evens R Jr 

1.5-Tesla multi-slice STIR imaging: application to 
body MR. Shuman W, Baron R, Peters M, Moss A 
Pulse-sequence optimization for STIR inversion 
recovery sequences. Unger E, McGlone J, Silver M 
Use of the STIR sequence to differentiate between 
extracranial fatty and hemorrhagic lesions. 
Fisher M 

MR imaging of the abdomen: clinical application 
of phase imaging. Levy L, Dwyer A, Begley M, 
Yang S 

Optimization of GRASS imaging for abdominal 
MRI. Weissleder R, Raptopoulos V, Stark D, Waite 
R, Ferrucci J 

Dual surface coils for MR imaging: capability, ad- 
vantages, and applications. Fisher M, Boskamp F, 
Russell E, Levy J 

Dynamic cardiac MRI to assess viable vs scarred 
myocardium: comparison with SPECT thallium. Zif- 
fer J, Pettigrew R 


3:06 


3:18 


XVIII 


1:30 


1:42 


1:54 


2:06 


2:18 


2:30 


2:42 


2:54 


3:06 


3:18 


178. 


179. 
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Review of contrast agent-enhanced fast MRI tech- 
niques: dynamic physiologic imaging. Carvlin M, 
Arger P, Kundel H, Dougherty L, Kassab E, Moore B 
Image artifacts introduced by MRI gastrointestinal 
contrast agents: magnitude, cause, and amelio- 
ration. Hahn P, Stark D, Weissleder R, Saini S, 
Elizondo G, Ferrucci J 


. Chest Imaging: Il 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


Radiologic evaluation of the subcarinal lymph 
nodes: a comparative study. Platt J, Glazer G, 
Gross B, Quint L, Francis |, Orringer M 
Extrathoracic metastasis without evidence of hilar 
or mediastinal adenopathy. Sider L, Horejs D, Corn- 
well J 

Anatomic observations on lines of the left superior 
mediastinum: correlative imaging. Marn C, Glazer 
G, Gross B, Spizarny D 

Computed tomography of acute mediastinitis. Wit- 
tich G, Schurawitzki H, Karnel F, Kumpan W, Gra- 
benwoeger F 

Three-dimensional CT in central lung tumors. 
Quint L, McShan D, Glazer G, Orringer M 

Magnetic resonance imaging of central pulmonary 
artery anomalies. Kersting-Sommerhoff B, Sechtem 
U, Higgins C 

MR imaging of the pericardium: comparison of 
spin-echo and cine techniques. Nokes S, Herfkens 
R, Kisslo J, Spritzer C 

Screening for congenital heart disease with mag- 
netic resonance imaging and two-dimensional 
echocardiography. Goldman M, Boxer R, LaCorte 
M, Gottesman R, Stein H 

Clinical role of MRI for assessment of cardiac 
mass lesions. Lund J, Ehman R, Julsrud P, Sinak L, 
Tajik A 

Noninvasive evaluation of mitral regurgitation by 
analysis of systolic left atrial signal loss in cine 
magnetic resonance images. Auffermann W, Pflug- 
felder P, Sechtem U, White R, Lipton M, Higgins C 





461 


1988 ARRS Meeting: Local Activities and Tennis and Golf 


Tournaments 


The 88th annual meeting of the American Roentgen Ray 
Society (ARRS) in San Francisco, CA, will feature activities 
for members, nonmembers, spouses, and friends. G. P. Ja- 
netos heads the Local Arrangements Committee. Tours West 
has planned the local programs. The tennis tournament will 
be arranged and supervised by G. M. Stevens: the golf 
tournament will be arranged and supervised by G. P. Janetos. 
To register for these events, please complete the registration 
form in this issue. 


Golf Tournament 


The annual golf tournament will be held at the San Fran- 
cisco Golf Club, San Francisco, CA, on Monday, May 9. 
Buses will leave the San Francisco Hilton and Tower at 11 
a.m. and will return by 6 p.m. There will be a buffet lunch at 
11:30 a.m. and a shotgun start at 12:30 p.m. Participants 
must bring their own golf clubs and shoes. The Pro Shop and 
clubhouse will be open, and there will be a no-host bar. The 
course does not allow golf carts, but good caddies will be 
available at an extra charge, to be paid at the course. Fee for 
the golf tournament is $75 and includes transportation, lunch- 
eon, greens fee, and prizes. 


Men’s and Women’s Tennis Tournaments 


The annual Men’s and Women's Tennis Tournaments will 
be held at the San Francisco Tennis Club, San Francisco, CA, 
on Monday, May 9, from 1:30-4:30 p.m. Cabs will be ar- 
ranged for the short ride from the Hilton to the tennis club. 
Please register early so that arrangements can be made to 
accommodate all who wish to play. Appropriate dress is 
required. The fee of $55 includes luncheon, court fees, and 
balls. 


Local Program 


Reservations for the social program are limited. To avoid 
disappointment, send in the reservation form immediately. 
Reservations will be filled in the order in which they are 


received. Because guarantees are required for all events, 
reservations must be received by April 22, 1988. Tickets for 
all events will be included in the registration packet. Prices 
for these events include transportation; meal where indicated; 
escorts and guides; and all entrance fees, taxes, and gratu- 
ities. The price does not include any alcoholic beverage with 
meals. On Sunday, May 8, from 2-5 p.m., and on Monday, 
May 9, from 8-11 a.m., remaining tickets for events will be 
sold at the meeting registration desk. These tickets will be 
sold at a slightly higher cost. Refunds are available if the 
ARRS office in Reston, VA, receives a written cancellation 
request by April 23, 1988. No cancellations will be accepted 
by telephone. Refunds will be issued at the meeting on 
Sunday and Monday only if the returned tickets can be resold. 
ARRS reserves the right to cancel any event if registration is 
insufficient. In that case, refunds will be issued. Children less 
than 12 years old are not permitted to participate in the social 
program. Children 12 years or older are welcome at full price 
for all of the events except the Tuesday wine tour anc the 
Wednesday dinner and cabaret theater. 


Sunday, May 8 


Chinese Banquet, 7-10 p.m. Your first meal in San Fran- 
cisco must be an authentic Chinese Banquet. The group will 
feast on everything from sizzling rice soup and Peking duck 
to the most exotic fish and vegetables available. This eight- 
course Oriental feast is served in one of San Francisco's most 
popular restaurants and will be a memorable gastronomic 
experience. Fee: $40. 


Monday, May 9 


Early Bird Shopping, 8-10 a.m. Saks Fifth Avenue has 
designed a special breakfast fashion seminar. Attendees will 
have a front row seat to a fashion presentation of a workable 
and wearable wardrobe—dressing for day and night. Learn 
how to pack for your next vacation, whether it’s for a weekend 
or for a month. And, most importantly, learn how to copy the 
designers without copying their price tags. Fee: $25.00. 

Deluxe City Tour of San Francisco, 9 a.m.-1 p.m. Ride 
over the hills of the city right out to the Golden Gate Bridge 
for a comprehensive city tour. The group will see San Fran- 
cisco’s celebrated sights: Fisherman’s Wharf, Golden Gate 
Park, Haight-Ashbury, Twin Peaks, Chinatown, and the Pre- 
sidio. Tour members also will visit Nob Hill, Russian Hill, North 
Beach, and Union Street. The combination of neighborhoods, 
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parks, bridges, and people is what makes San Francisco such 
a unique city. There will be several places to stop and take 
photographs. Fee: $23. 

Dinner in Sausalito, 6-10 p.m. Experience San Francisco 
as the locals do. Depart on a commuter ferry for a ride on the 
San Francisco Bay. You will get a close-up view of Alcatraz 
and Angel Island en route to the picturesque village of Sau- 
salito. Enjoy a sumptuous dinner at one of Sausalito’s most 
famous restaurants overlooking the Bay. Return to the hotel 
via the Golden Gate Bridge aboard a luxury motorcoach. Fee: 
$48. 


Tuesday, May 10 


Wine Tour of the Napa Valley, 8:30 a.m.-5 p.m. North of 
San Francisco lies California’s premier wine producing re- 
gion—the Napa Valley. By far the most popular of the state’s 
wine regions, the Napa Valley is responsible for many of the 
best known and most respected American wines. After a 90- 
min drive, the group will enjoy a private tour and tasting at 
Napa’s outstanding champagnerie: Domaine Chandon. Then, 
it's off for an elegant lunch featuring California cuisine at one 
of the Valley’s newest, most popular restaurants, Tra Vigne. 
The group will then enjoy a second private tour and tasting 
before returning to the hotel. Fee: $75. 


Wednesday, May 11 


The Designers’ San Francisco, 9 a.m.-1:30 p.m. Today 
the group will discover the decorators’ San Francisco. Al- 
though the wholesale showrooms at Showplace Square are 
closed to the public, you will be privately guided through the 
exclusive world of the interior designer. Here you will see the 
finest furniture, accessories, fabrics, and wall and floor cov- 
erings available in today’s marketplace. Lunch will be served 
in one of the complex’s most interesting buildings, the Gal- 
leria. Buying is restricted to the trade, but arrangements can 
be made to purchase items through a staff interior designer. 
Fee: $45. 

Dinner and Cabaret Theater 5:30-10:00 p.m. This is the 
chance to see a truly “only in San Francisco” entertainment 
phenomenon: Steve Silver's Beach Blanket Babylon at the 
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Club Fugazi. This highly acclaimed original cabaret production 
will provide a great evening for everyone. Both visitors and 
locals love the musical parodies and imaginative costumes. 
This is the longest running show in San Francisco theater 
history. An early dinner at one of North Beach's finest restau- 
rants precedes the show. Fee: $75. 


Thursday, May 12 


Filoli Mansion and Stanford University, 8:30 a.m.-4:30 
p.m. Today the group will travel south for a visit to Filoli, a 
43-room mansion built 70 years ago. There’s nothing quite 
like it in the West: 16 acres of groomed gardens around an 
exquisite home of 36,000 square feet. Used for the filming of 
“Dynasty” and Heaven Can Wait, Filoli is especially beautiful 
in May. Lunch will be served at the Allied Arts Guild, a 
showplace of colonial Spanish buildings and gardens housing 
shops and artisans’ studios. After lunch, you will visit Stanford 
University and enjoy a brief campus tour. Fee: $65. 

Champagne, Chocolates, and City Lights, 8-10 p.m. San 
Francisco comes alive in the evening as your deluxe motor- 
coach travels through neighborhoods and hills with a thou- 
sand twinkling lights. The San Francisco skyline is ablaze 
with colors as you pass through Fisherman’s Wharf, China- 
town, and Nob Hill. The landmarks of this city, the Bay Bridge, 
the Golden Gate Bridge, and Coit Tower are magical in the 
evening sunset. Have an early dinner on your own and then 
join the evening tour for champagne and chocolate desserts. 
Fee: $32. 


Friday, May 13 


Treasures of the East, 9:30 a.m.-3:30 p.m. An enthusi- 
asm for the Orient is all that’s needed on this trip. You will 
begin with a visit to the Asian Art Museum, the permanent 
home of the famous Avery Brundage Oriental Art collection. 
You will enjoy a privately guided tour of the Museum's high- 
lights before entering the Japanese Tea Gardens, where the 
beauty and grace of Japan come alive in Golden Gate Park. 
Lunch is an authentic dim sum selection, another specialty of 
the Orient. You complete your day with a VIP visit to Gump's, 
the store that played a major role in introducing Oriental art 
to the United States. Fee: $45. 


May Be Photocopied Deadline: April 8 


Meeting and Local Activities Registration Form: 
ARRS 88th Annual Meeting 
May 8-13, 1988, San Francisco, CA 


lf you plan to attend, please complete this form. Official badges and program booklets will be available at the 
ARRS Registration Desk, San Francisco Hilton and Tower. There will be no confirmations before the meeting. 
Preregistration by mail will be accepted until April 8. On-site registration will be available. 


Make all checks payable to: American Roentgen Ray Society 


Mail to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 


Please type or print: Check those desired: Registra- 
. f tion fee: 
Registrant 
O Member ARRS .... None 
O Nonmember $250 
O Physician in training 
Last Name First Name or Initials (please fill where indi- 
cated below) ....... . $25 
O Course faculty, scientific 
Street paper author, scientific 
yt) < ois a aaia a None 
O ACR luncheon course, Mon- 
day,May9........ . $12 
City State ZIP Code O ACR luncheon course, Tues- 
l day, May 10 ...... $12 
Accompanying Guest CL) ACR luncheon course, 
Wednesday, May 11... . $12 
O ACR luncheon course, Thurs- 
Name (Accompanying person's name to be printed on badge) day,May12...... $12 
O Categorical course on breast 
imaging. Categorical course 
registrants may also register 
Street for other instructional courses. $75 


O Social program (see next 
ee. ee em page)......... ee ee c 
City State ZIP Code Total enclosed ........ PS 


Section on Instruction First Choice Second Choice Third Choice 


Please register early for Instructional Monday 
Courses. Attendance is limited. List first, sec- 

ond, and third choices for each day by course 

number. Ticket orders are filled according to Tuesday 
postmark. ARRS members, nonmembers, 

and those in radiology training may take all 

courses without charge except the Categor- Wednesday 
ical Course on Breast Imaging. For the cat- 

egorical course, all must pay $75. All who 

wish to attend courses must complete this Thursday 
section. Residents and nonmembers must 

pay the meeting registration fee. 





Coras tikata ba. abalak at tea ARES Friday - Check if you wish to attend the Chest Symposium (only course 
Registration Desk of the Section on Instruc- offered this day). 

tion at the San Francisco Hilton and Tower - i a 

on and after Saturday, May 7, at 1 p.m. For Physicians in Training: 

Complete section at right for courses other 

than the categorical course. Be sure to fill aS in training in my department. 


out second and third choices for each day. 
Training Program Director 


Institution CDS 
(OVER) 


Local Activities 


No refunds after April 23 


Sunday, May 8, 7-10 p.m., Chinese Banquet 


Monday, May 9, 8-10 a.m., Early Bird Shopping 


Monday, May 9, 9 a.m.-1 p.m., Deluxe City Tour of San 
Francisco 


Monday, May 9, 6-10 p.m., Dinner in Sausalito 


Tuesday, May 10, 8:30 a.m.-5 p.m., Wine Tour of the Napa 
Valley 


Wednesday, May 11, 9 a.m-1:30 p.m., The Designers’ San 
Francisco 


Wednesday, May 11, 5:30-10 p.m., Dinner and Cabaret Thea- 
ter 


Thursday, May 12, 8:30 a.m.-4:30 p.m., Filoli Mansion and 
Stanford University 


Thursday, May 12, 8-10 p.m., Champagne, Chocolates, and 
City Lights 


Friday, May 13, 9:30-3:30 p.m., Treasures of the East 


Preregistration is required. 


tickets @ $40 





— — tickets @ $25 


tickets @ $23 


tickets @ $48 





tickets @ $75 





tickets @ $45 





_____tickets @ $75 


tickets @ $65 





tickets @ $32 





tickets @ $45 





Annual ARRS Golf Tournament, Monday, May 9 


The tournament will be at the San Francisco Golf Club, San Francisco, CA. Transportation, luncheon, greens fee, cart, and prizes are included in the $75 fee. 


Preregistration is important. 


Name: 

Address: 

Hotel: 

My foursome includes (list handicaps): 


Telephone: 


Handicap (if any) 


Men’s and Women’s Tennis Tournaments, Monday, May 9 


The tournaments will be at the San Francisco Tennis Club, San Francisco, CA. Tennis attire is required. Fee of $55 includes transportation, luncheon, court fees, 


and balls. 


Name: 
Address: 


Telephone 





T 


, 


May be photocopied Deadline: April 8 


Hotel Registration Form: ARRS 88th Annual Meeting 
May 8-13, 1988, San Francisco Hilton and Tower 
San Francisco, CA 


Mail to: 


ARRS Housing Bureau 

San Francisco Hilton and Tower 
Attention: Reservations Office 
333 O'Farrell St. 

San Francisco, CA 94102 


(PLEASE MAKE CHECKS PAYABLE TO THE SAN FRANCISCO HILTON AND TOWER—NOT TO THE ARRS) 


Individual guest name 

Address 

AVA Doi A E O ES E E S; 
Arrival date/time ———————————————— Departure date/time 

Individual requesting reservation 


Address 





PE | a a 


Please forward with your reservation a deposit of one night's room rate to be applied to the last night of your scheduled stay, or provide credit 
card information to guarantee your reservation. The hotel accepts American Express, Diners Club, Carte Blanche, Visa, Master Card, and 
Hilton credit cards. The deposit will hold your room until 6 a.m. of the morning following your scheduled arrival date. In the event of an early 
departure, the deposit is nonrefundable unless the hotel is notified prior to or at the time of check-in. Cancellation notice of 14 days is required 
for a deposit refund. 


Check accommodations desired Important Information: 


1. Reservations must be received by the San Francisco Hilton and 


























Room Category Rate Tower/ARRS Housing Bureau no later than April 8 to be assured 
Singles of written confirmed accommodation. Reservations after that time 
Standard ....................0.000000. $100 are subject to availability. We urge you to make your reservations 
BIN. oo ree ctand eye bane beer ET $115 promptly. 
RINGS & aeea aah ware £e Pale + ewe kaa $130 2. Written confirmation of your reservation will be sent to you by the 
Doubles hotel. 
<) oei E aa ae a eee $110 3. To change or cancel reservations, please call either Hilton Reser- 
a api EERE ee ee $125 vations Service at 1-800-HILTONS or the hotel directly at (415) 
BP a otic tbe toh eV eS ae & Bop BE Ber $140 l 
1-bedroom suite...................... $275 Khilari i 
A O O 22... $375 4. If you plan to share a room, please send in only one housing form. 





Be sure to list all names of occupants of rooms. Assignment is 
delayed until complete information is received. 

5. Check-in is after 3 p.m., or earlier if the room is available. Check- 
out time is 11 a.m. 

6. Parking is available at the hotel. 


Deposit amount (1 night's rate) $ 
O Check enclosed 


O Credit card: 
(Type of card) (Exp. date) 


(Card number) 


(Signature) 


Transportation Discounts 


United Airlines is offering special airfares to the 1988 ARRS meeting for travel to and 
from San Francisco between May 5 and May 16 inclusive. To obtain a 5% discount from 
any United available/applicable fare (Ultra Savers and first class included) or a 40% 
discount off standard coach fares (all restrictions waived), follow these steps: (1) tele- 
phone toll-free (800) 521-4041 (calls are answered daily between 8 a.m. and 11 p.m. 
EST), and (2) immediately reference special ARRS account number 8080D. In addition, 
ARRS attendees who fly on United (as outlined above) will be eligible for a special 
drawing. The prize is one complimentary round-trip continental U.S. ticket good for travel 
before December 15, 1988 (holiday periods excluded). 

Avis Rent A Car is offering special rental rates for attendees of the 1988 ARRS meeting. 
These rates range from $37 per day for a compact to $41 per day for a full-sized four- 
door, based on a 3-day minimum rental. Rates are good for 1 week before and 1 week 
after the meeting. Make reservations by calling toll-free (800) 331-1600; refer to discount 
number A/B 746001. 
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1988 ARRS Meeting Summary, May 8-13, 1988, San 


Francisco, CA 


A comprehensive description of the meeting, including the scientific 
program, Categorical Course in Breast Imaging, and instructional 
courses, appears in this issue of the AJR. A special loose insert on 
the meeting also accompanies this issue. Meeting and registration 
forms will be found in the February and March issues. These may be 
photocopied. 


Accreditation 


All courses and scientific sessions carry AMA Category | credit on 
an hour-for-hour basis. 


Meeting Format 


Scientific Program. Sessions will be grouped in parallel sessions, 
Monday-Thursday. A total of 189 scientific papers will be presented. 
In addition, on Wednesday, May 11, the morning session wil! feature 
award papers and the Caldwell Lecture, which will be delivered by 
Donald Resnick of the University of California, San Diego. On Friday, 
there will be a special symposium: Chest Imaging Update. 

Categorical Course in Breast Imaging. This 14.5-hr course will be 
Sunday-Thursday. 

Luncheon Sessions. Registrants may enroll in special luncheon 
sessions, Monday-Thursday. A box lunch will be provided. 


Exhibits 


Scientific and Technical Exhibits and Case of the Day Presentations 
will be presented in the Grand Ballroom of the San Francisco Hilton 
and Tower, Monday-Thursday, May 9-12. The Case of the Day will 
be presented by Lee Sider of Northwestern University, Chicago, IL. 


Local Activities 


General Reception. Tuesday evening, May 10, for all registrants. 

Golf Tournament. Monday, May 9, San Francisco Golf Club, San 
Francisco, CA. Transportation leaves the hotel at 11 a.m.; shotgun 
start is at 12:30 p.m. 

Men's and Women's Tennis Tournaments. Monday, May 9, at the 
San Francisco Tennis Club, San Francisco, CA. Transportation by 
cab will be arranged. 

Local Tours. Sunday, May 8, 7-10 p.m., Chinese Banquet; 
Monday, May 9, 8-10 a.m., Early Bird Shopping; 9 a.m.-1 p.m., 
Deluxe Tour of San Francisco; 6-10 p.m., Dinner in Sausalito; 
Tuesday, May 10, 8:30 a.m.-5 p.m., Wine Tour of the Napa Valley; 
Wednesday, May 11, 9 a.m.-1:30 p.m., The Designers’ San 
Francisco; 5:30-10 p.m., Dinner and Cabaret Theater; Thursday, 
May 12, 8:30 a.m.—4:30 p.m., Filoli Mansion and Stanford University; 
8-10 p.m., Champagne, Chocolates, and City Lights; Friday, May 


13, 9:30 a.m.-3:30 p.m., Treasures of the East. No refunds after 
April 23. 


Meeting Registration 


Preregistration will be accepted until April 8. There will be on-site 
registration. Official badges and program books will be available at 
the registration desk, San Francisco Hilton and Tower. No 
confirmations will be mailed. 


Course Registration 


Register early—enrollment is limited. List first, second, and third 
choices for each period. Also, indicate whether you wish to take the 
categorical course. Deadline for mail registration is April 8. All ticket 
orders will be filled by postmark. Course tickets will not be mailed. 
Tickets will be available on and after Saturday, May 7 (after 1 p.m.), 
at the ARRS registration desk in the San Francisco Hilton and Tower. 
There will be on-site registration for courses not already filled. 


Hotel Registration 


Reservations are handled by the ARRS Housing Bureau, San 
Francisco Hilton and Tower, Attn: Reservations Office, 333 O'Farrell 
St., San Francisco, CA 94102. These must be received by April 8. 
Make check payable to San Francisco Hilton and Tower. 


Fees 
Meeting: 
ARRS members and resident members............. No fee 
NIMMNOMIOONS: 6.54 Yaa SS Gedo hb ae seen td btae es $250 
Nonmember physicians in training (with verification) .. . . 25 
Categorical course (all who attend)........-.. 2... TO 
Luncheon sessions/each .................. PPF 12 
Golf TOUMAINGNE acier renr emera okkar Eo To 
Tennis tournaments ........................2.0.. 30 
el Us a cide Bears wee od ee ee a 23-75 


Cancellations and Fee Refunds 


Fees will be refunded only if cancellation is received by April 23. 
Send to American Roentgen Ray Society, 1891 Preston White Drive, 
Reston, VA 22091. 


Transportation Discounts 


United Airlines is offering discounts, up to 40%, on airfares. Call 
(800) 521-4041, and mention ARRS account number 8080D. 

Avis Rent A Car is offering special rates on car rentals. Call (800) 
331-1600, and mention ARRS discount number A/B 746001. 
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Letters 





Cine CT in Obstructive Sleep Apnea 


We read with interest the article by Stein et al., “Cine CT in 
Obstructive Sleep Apnea” [1], and agree with the authors that cine 
CT is an important and useful imaging technique for evaluation of the 
dynamic airway changes that occur in obstructive sleep apnea (OSA). 
In their article, Stein et al. stated that they found airway obstruction 
occurring at the midoropharyngeal level in eight of eight patients who 
had OSA. In addition, they reported that in five of eight patients, 
obstruction also occurred at the level of the uvula and soft palate 
and, in six patients, at the level of the low oropharynx. On the basis 
of these findings, they wondered if they were observing two 
subgroups of patients: one group who had obstruction at the uvula 
and soft palate only and a group who had obstruction at the base of 
the tongue and hypopharynx also. Using cine CT, we now have 
evaluated the airways of 25 normal volunteers. Five were imaged 
during isolated nasal and isolated oral breathing. In three volunteers 
who were breathing via the mouth only, the nasal airway posterior to 
the uvula and soft palate narrowed or was obliterated completely, 
whereas, with nasal breathing, it remained widely patent. Although 
we agree that the primary site of obstruction in OSA appears to occur 
at the midoropharynx to lower oropharynx, we urge caution in inter- 
preting possible obstructive patterns at the level of the soft palate 
until further evaluations can be made of the normal physiologic 
changes that occur in nasal or oral breathing. 

William Stanford 
Jeffrey Galvin 

The University of lowa 
lowa City, IA 52242 


REFERENCE 


1. Stein MG, Gamsu G, de Geer G, Golden JA, Crumley RL, Webb WR. 
Cine CT in obstructive sleep apnea. AJR 1987;148: 1069-1074 


Reply 


Drs. Stanford and Galvin raise an important and interesting point. 
Little is known about the changes in morphology of the upper airway 
during changes in breathing patterns, especially during sleep. Our 
article describes obstruction of the airway during sleep and apnea. 
After we started this project, we used a thermistor that measured a 
combination of nasal and oral flow. We therefore can be certain that 
during the obstructed state, oral breathing was not occurring. 

The qualitative and quantitative differences between wakefulness, 
normal sleep, and sleep apnea, in our study, were clearly evident. 


Airway obstruction does not appear to be a feature of sleep per se. 
Further evaluation will be necessary to determine whether persons 
who, during sleep, convert from nasal breathing to obligatory oral 
breathing, will show narrowing of the nasopharyngeal and retropalatal 
airways. 

We again thank Drs. Stanford and Galvin for pointing out the 
complexity and lack of understanding of the morphology of this area 
during sleep and during apnea. 

Mark G. Stein 

St. Francis Medical Center 

Lynwood, CA 90262 

Gordon Gamsu 

University of California, San Francisco 
San Francisco, CA 94143 

Gerard de Geer 

University of Geneva 

Geneva 4, Switzerland 

Jeffrey A. Golden 

Roger L. Crumley 

W. Rickard Webb 

University of California, San Francisco 
San Francisco, CA 94143 


Comparison Study of the Efficacy of the 22-Gauge 
Vacu-Cut Needle for Biopsy 


Recently, a new biopsy needle was introduced that has the pur- 
ported advantages of having a built-in chamber that allows adequate 
suction and precludes the necessity of a syringe. To test this hypoth- 
esis, we compared the results of biopsies performed by using our 
standard needle with the results of those performed by using the new 
needle. 

Tumors in 10 patients were biopsied by using both a 22-gauge 
Vacu-Cut needle (Angiomed, US Inc., Anaheim, CA) and a 22-gauge 
Greene needle (Reganes, Inc., Chicago, IL). The Greene needle was 
used because the cannula has a sharpened circumferential bevel 
similar to that of the Vacu-Cut needle. The needles were introduced 
into the tumor in a parallel fashion, with the tips within 2-3 mm of 
each other. The positions were confirmed by CT. A 20-ml syringe 
with 5-10 ml of applied suction was used for fine-needle aspiration 
with the Greene needle. Suction for the Vacu-Cut needle was ob- 
tained by withdrawing the stylet three-quarters of the way (Fig. 1). A 
single pass was made with each needle. The aspirated material from 
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Fig. 1.—Vacu-Cut needle. By withdrawing stylet three-quarters of the 
way, suction for fine-needle aspiration is created. A sealing membrane 
within hub of needle (arrow) allows creation of a vacuum. 


each needle was marked and examined separately by a staff cyto- 
pathologist. Both samples were evaluated for amount of material and 
for the ability to make the diagnosis. The aspirated material was 
graded as abundant, moderate, scant, or none, depending on the 
amount obtained. The final interpretation was labeled diagnostic, 
nondiagnostic, or suspicious. 

The lesions ranged from 4 to 10 cm deep and from 2 to 15 cm in 
size. Six were malignant, and four were benign. The malignant lesions 
included two hepatocellular carcinomas, two lymphomas, one cervical 
carcinoma, and one transitional cell carcinoma metastasis to a per- 
iaortic lymph node. The four benign lesions were a benign thymoma, 
a presacral surgical scar, a focal fatty infiltration of the liver associated 
with a hepatic arterial infarction, and a regenerating hepatic nodule. 

The tissue obtained with the Vacu-Cut needle was scant to absent 
in all six malignant cases. The tissue was sufficient to allow a 
diagnosis in only one case. In these six cases, the Greene needle 
provided abundant amounts of material in five and moderate amounts 
in one. Diagnosis of the malignancy was possible with the specimens 
obtained by using the Greene needle in the first five cases, and the 
findings were suggestive in the other one. This last case later was 
diagnosed as lymphoma on the basis of a specimen obtained by 
using a Tru-Cut needle. 

The amount of tissue obtained with the Vacu-Cut needle in the 
four benign lesions was moderate in two and scant in two. The 
material obtained with the Greene needle was moderate in two and 
scant in two. The material provided by both needles was nondiagnos- 
tic in all benign cases. 

In this comparative study of the Greene and the Vacu-Cut needles, 
one characteristic that differed was the mode of suction applied for 
aspiration. A study by Hueftle and Haaga [1] showed that 10 ml of 
suction through an 18- or 20-gauge needle would give an optimal 
yield of tissue. In our preliminary study, the diagnostic results obtained 
when the 22-gauge Greene needle and a standard method of suc- 
tioning were used were better than those obtained when the 22- 
gauge Vacu-Cut needle was used. The problem with the Vacu-Cut 
needle may be that it fails to provide effective suctioning. Thus, we 
think that, at the present, its use is not justified. 

David Bodne 

Stephen F. Quinn 

Santo V. Nicosia 

Patricia A. King 

Robert A. Clark 

H. Lee Moffitt Cancer Center and Research Institute 
University of South Florida Medical Center 

Tampa, FL 33682-0179 
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REFERENCE 


1. Hueftle MG, Haaga JR. Technical note. Effect of suction on biopsy sample 
size. AJR 1986;147: 1014-1016 


Use of the FloSwitch as a Torque Handle for 
Steerable Guidewires 


The recent introduction of the FloSwitch (Medi-tech, Watertown, 
MA) (Fig. 1) as a disposable high-pressure stopcock was of interest 
to us because of the capability of closing the FloSwitch to the 
occluded position while a guidewire is in place through its lumen. This 
allows hemostasis around a guidewire that is significantly smaller 
than the lumen of the catheter or sheath into which it is placed and 
through which a large amount of bleeding ordinarily would occur. 
Attaching the FloSwitch to a Y-connector or sidearm fitting allows it 
to function in the same way as a Tuohy-Borst sidearm adapter [1]. 

Having used the FloSwitch on several occasions for this purpose, 
we became aware that the FloSwitch in the closed position actually 
grabs the wire sufficiently well to be a useful torque handle on 0.035- 
and 0.038-in. (0.09 and 0.10 cm) steerable guidewires. In our expe- 
rience, the FloSwitch is not effective as a torque handle for the 0.018- 
in. (0.05 cm) guidewires. Because many of the 0.035- and 0.038-in. 
steerable guidewires are not supplied with a pin vise or other torque 
handle, we have adopted use of the FloSwitch, which has an advan- 
tage over the standard pin vise: It is more easily and rapidly placed 
on or removed from the guidewire, and it can be positioned to any 
location on the wire with a flick of the thumb. This technique also has 
an advantage, in terms of speed and ease of application, over the 
commonly used method of looping the wire at the end, especially for 
those heavy-duty torque wires that tend to be difficult to form into 
tight loops. Incidentally, after the FloSwitch has been used in this 
manner, it is often no longer hemostatic. 

We hope that mention of this technique will allow greater conven- 
ience in the use of steerable guidewires. 

Robert F. LeVeen 

Hospital of the University of Pennsylvania and Medical Research 
Service, VA Medical Center 

Philadelphia, PA 19704 

Lisa M. Fedullo 

St. Luke's Hospital 

Bethlehem, PA 18017 


REFERENCE 


1. Gavant ML. Technica! note. Improved guidewire immobilization tecnnique 
for interventional procedures. AJR 1987;149:629-630 


Fig. 1.—FloSwitch (Medi-tech, 
Watertown, MA), a disposable 
high-pressure stopcock, can be 
used as a torque handle for steer- 
able guidewires in interventional 
radiologic procedures. 
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Vertical Cassette Alignment in Scoliosis Filming by 
Using the Gastric Gas Bubble as a Level 


One potential pitfall in measuring pelvic tilt on the anteroposterior 
or posteroanterior upright scoliosis examination is malalignment of 
the cassette. We have found that occasionally the 91-cm cassettes 
do not seat firmly in the holder and have a tendency to deviate from 
a true vertical position. We have devised a simple, safe, fast method 
of accurately defining the horizontal plane by having the patient drink 
a glass of water immediately before the examination. This maneuver 
augments the usual air-fluid level in the stomach, and a perpendicular 
line can be dropped to determine true vertical. 

To test this method, 40 scoliosis films made in the upright position 
in either the anteroposterior or posteroanterior projection were ex- 
amined and scored for air-fluid levels by using a grading system of 
present A/F level or absent A/F level. Twenty were control examina- 
tions made via the routine method without the benefit of having the 
patient drink a glass of water. Eleven (55%) had A/F levels. The 
remaining 20 patients were given an 8-oz (236.7-ml) glass of water 
immediately before the examination. Nineteen (95%) had A/F levels. 
The patient shown in Figure 1A appears to have a pelvic tilt as defined 
by the position of the ischium oriented with the horizontal margin 
along the bottom edge of the film. This is depicted in the line drawing 
(Fig. 1C, see arrowheads). The discrepancy in the length of the left 
leg is shown to be factitious by Figure 1B. A line parallel to the fluid 
level is also parallel to the line connecting the most caudal point of 
each ischium, confirming the fact that the cassette was tilted in the 
Original cassette holder. In fact, the lateral margin of the light-beam 
collimator was oriented to the true vertical in the illustrated case. 

In summary, this method of “in vivo” leveling serves as an internal 
quality control and eliminates the misdiagnosis of a pelvic tilt that 
would necessitate the use of heel lifts or other intervention in a patient 
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who has an anatomically level pelvis. A useful air-fluid level was 

obtained in 95% of patients studied, as compared to 55% in the 
control population. 

Andrew M. Singer 

Harvard Medical School and Beth Israel Hospital 

Boston, MA 02215 

John F. O’Connor 

Boston University School of Medicine 

Boston, MA 02118 


The Need for Prompt, Effective Communication of 
Mammographic Results 


Increasing attention is being given to mammography as a valuable 
diagnostic tool that can lead to reduction of mortality from breast 
cancer. Improved equipment and techniques that have reduced ra- 
diation dosage to negligible levels and more accurate interpretation 
that has resulted in earlier detection of breast cancer have increased 
the visibility and acceptance of mammography by clinicians and 
patients [1]. 

Diagnostic radiology is a consultative speciality in which commu- 
nication between the radiologist, clinician, and patient is vitally impor- 
tant. It is the radiologist’s responsibility to provide the most efficient, 
timely, and precise communication possible. This is particularly im- 
portant with mammography because of the patient's anxiety, if not 
fear, frequently associated with this examination and with the possi- 
bility of having breast cancer. 

Mammographic interpretation is difficult, even for so-called experts. 
Most clinicians are uncomfortable attempting to interpret the images 
and depend more on the radiologist’s interpretation. Therefore, sig- 
nificant findings must be reported promptly. 


Fig. 1.—Vertical cassette alignment in scoliosis filming 
by using the gastric gas bubble as a level. 

A, Radiographs show apparent pelvic tilt and discrepancy 
in leg length as defined by position of inferior aspect of 
ischium with film in usual position on viewer. Left hip ap- 
pears higher than right (arrowhead). 


Angulation B, Radiographs in which true vertical is defined by a line 
Formed by perpendicular to air-fluid level show normal anatomic align- 
pests ment of pelvis without discrepancy in leg length. 

aren C, Line drawing of case in A shows factitious pelvic tilt. 
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We have found in the hospital setting that the most efficacious 
method of communication has been direct, personal contact with the 
referring physician. This can be done best by a face-to-face meeting, 


with the images in hand. Clinical concerns and findings can be 


correlated with mammographic concerns and findings, and confi- 
dence levels about suspicious areas can be discussed. The anxiety 
of the patient and her reliability in returning for follow-up examinations, 
as known by her physician, can be factors in the decision to aspirate, 
further study, biopsy, or follow a bothersome or suspicious mam- 
mographic finding. 

In most clinical situations, especially office practices, personal 
contact between the radiologist and the referring physician is not 
possible, and one must rely on the telephone. In all cases that have 
suspicious findings, we contact the referring physician before the 
patient leaves the mammography suite. This ensures that the clinician 
is aware of our findings and concerns, provides an opportunity for 
discussion, and increases the likelihood of appropriate action and/or 
follow-up. 

This system does not reduce the importance of thorough written 
reports with succinct conclusions and recommendations. These are 
generated and disseminated in a timely fashion. When an oral com- 
munication has taken place, this is noted in the report. Methods such 
as these will reduce the menace of litigation [2, 3]. 

Mammography often brings the radiologist in close contact with 
an anxious patient who may ask the technologist or radiologist about 
the results of the examination. When findings are positive or suspi- 
cious, discussion with the referring physician before answering the 
patient is appropriate and can prevent misunderstanding. However 
this is done, it behooves the radiologist to respond to the patient 
discreetly and to urge prompt contact with the referring physician. 
When the results of the examination are negative, the response is 
easier but should include a comment on the limitations of mammog- 
raphy and the importance of correlation with physical findings. When 
patients do not inquire about the results of the study, our obligations 
are (1) to be certain the examination is optimal and complete before 
the patient leaves so that she will not have to return for additional 
images and (2) to communicate the results to the referring physician 
promptly, including a telephone call when findings are positive or 
suspicious. It is difficult to do this in high-volume, mass-screening 
mammography centers in which the radiologist often is not on site 
and interprets the studies in batches later on. Even under those 
circumstances, a qualified technologist can reduce recalls to a mini- 
mum [4]. 

Effective communication requires more of the radiologist’s time at 
first but will better serve the patient, referring physician, technologist, 
and radiologist by reducing recalls, anxiety, the number of additional 
studies and their attendant costs, and mistakes, including unneces- 
sary biopsies. 

John T. Cuttino, Jr. 

Lahey Clinic Medical Center 

Burlington, MA 01805 

Robert McLelland 

Richard L. Clark 

University of North Carolina School of Medicine 
Chapel Hill, NC 27514 
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A New, Extra-Long Vascular Sheath 


A persistent problem in angiography is manipulation of catheters 
in tortuous vessels. This problem is especially pronounced when a 
tortuous iliac artery is involved. Shortly after a catheter has been 
passed through such an iliac artery, it may become impossible to 
manipulate or advance the tip to higher positions within the abdomen, 
chest, or cerebral structures. The cause of this is loss of effective 
transmission of vector forces along the tortuous course of the cath- 
eter. At first, the elastic recoil of the vessel may facilitate transmission 
of forces to the tip, but as constant pressure is applied by the 
catheter to the wall of the vessel, both the vessel and the catheter 
become progressively deformed and absorb these forces. This results 
in buckling of the artery and “looping” of the catheter within the pelvis. 

Currently, two solutions are available: use of a stiffer catheter and/ 
or guidewire or placement of a vascular sheath. Stiffer catheters and 
guidewires still may buckle, and the currently available vascular 
sheaths are not always long enough. A recent technical note [1] 
suggested the use of a 25-cm-long sheath that is available only in 
Japan. The longest sheaths currently available within the United 
States are 23 cm long and are designed for use primarily during 
coronary angioplasty. Frequently, these are too short to extend 
through the tortuous portions of the pelvic vessels. 

We have designed a new 40-cm-long sheath (Fig. 1) that is 
positioned by using a Van Andel dilator. This Teflon sheath, which is 
now commercially available (Cook Inc., Bloomington, IN), has a side 
arm and a hemostatic valve and is designed to accommodate 5- to 
7-French catheters. The use of an 80-cm Van Andel-style dilator has 
facilitated safe placement of the sheath into the vessel and advance- 
ment into the lower abdominal aorta [2]. The long Van Andel dilator 
can easily be advanced the first 40 cm into the patient and then held 
fixed in place while the sheath is introduced coaxially over it to the 
sheath’s final position without fear of injuring the vessel. Constant 
perfusion of heparinized saline through the side arm has prevented 
any complications resulting from clot formation. The sheath, when 
properly positioned, will straighten the catheter’s course through the 
iliac artery and prevent the catheter from looping or buckling in the 
pelvic vessels. Working through the long sheath has enabled rapid 
completion of cerebral, thoracic, and abdominal studies that other- 
wise would have been exceedingly difficult. In more than a year’s 
experience with this device, we have had no complications resulting 
from its use. In conclusion, this long sheath with its special long 








Fig. 1.—Comparison of new, extra-long, 40-cm vascular sheath (A) with 
23-cm coronary angioplasty sheath (B) and standard 15-cm angiography 
sheath (C). 
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dilator reliably solves a common angiographic problem without risk, 
difficulty, or excessive cost. 

Howard L. Berman 

Marc A. Bernstein 

Stuart G. Katz 

New York Medical College 

Valhalla, NY 10595 
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Hepatocellular Carcinoma: MR Appearance 
Mimicking Focal Nodular Hyperplasia 


| read with great interest the article by Wilbur and Gyi, “Hepato- 
cellular Carcinoma: MR Appearance Mimicking Focal Nodular Hyper- 
plasia,” [1] that appeared in the October issue of AJR. 

It has been my experience that T1-weighted images of the liver 
are essential before it can be determined if a lesion within the liver is 
composed of normal hepatocytes. In the case report presented, 
heavily T1-weighted images were not performed; therefore, the au- 
thors really should not have made any statement about whether their 
findings could have been focal nodular hyperplasia. It is well known 
that fibrolamellar hepatocellular carcinoma can have a scar. Indeed, 
since this lesion was biopsied percutaneously only and not excised, 
its subtype cannot be addressed. On review of two cases from the 
University of Pennsylvania, | found that the scars of fibrolamellar 
hepatocellular carcinoma were of low signal intensity on SE 2500/80 
images. 

Because heavily T1-weighted images were not performed, a state- 
ment about normal hepatocytes probably should not be made on the 
basis of MR criteria. Certainly, the central scar of either focal nodular 
hyperplasia can be hyperintense on the long-TR/TE images, and the 
literature remains unclear about whether fibrolamellar hepatocellular 
carcinomas may also have a hyperintense scar. 

M. L. Schiebler 
The University of North Carolina 
Chapel Hill, NC 27514 
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Reply 


Mattison et al. [1] described isointensity or near-isointensity to 
adjacent liver on long-TR/TE sequences as an essential criterion for 
an MR imaging diagnosis of focal nodular hyperplasia. When their 
long-TR/TE sequences were used, all seven hepatocellular carcino- 
mas reported by these authors were hyperintense to liver paren- 
chyma. Our example of hepatocellular carcinoma showed marked 
peripheral hyperintensity on long-TR/TE images. As this is a reported 
finding of malignant intrahepatic tumors, but not of focal nodular 
hyperplasia, we considered it suggestive of cancer and would have 
considered it such regardless of any similarity to liver on T1-weighted 
images. Had the tumor shown an intensity close to that of liver on 
T2-weighted images, a T1-weighted sequence, as suggested by Dr. 
Schiebler, might have been valuable in that isointensity with hepatic 
parenchyma on all pulse sequences would have suggested focal 
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nodular hyperplasia or some other abnormal arrangement of other- 
wise normal hepatocytes. 

Our best assessment, based on open surgical biopsy, was that 
the tumor reported by us did not represent a fibrolamellar variant of 
hepatocellular carcinoma. Microscopically, the tumor did not show 
the abundant, lamellated fibrous stroma and prominent eosinophilic 
cytoplasm characteristic of fibrolamellar hepatomas. The point of 
subtype is nevertheless moot, as, indeed, it might be even if patho- 
logic examination of the entire tumor had been possible. 

Dr. Schiebler shares his interesting observation of long-TR/TE 
enhancement of the central scar in cases of fibrolamellar hepatocel- 
lular carcinoma. This finding further emphasizes the nonspecificity of 
a bright central scar with T2-weighted MR imaging. Both hepatomas 
and focal nodular hyperplasia may have this appearance. 

Andrew C. Wilbur 
University of Illinois Hospital 
Chicago, IL 60612 
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Radiopacity of Glass 


In the October issue of AJR W. K. Andrew [1] responded to an 
article by Fornage and Schernberg [2] questioning the radiopacity of 
glass and attributed this property to its lead content. However, several 
published studies [3-5], the first in 1932, have shown that all glass 
is radiopaque. This literature also has shown that most commercial 
glass does not contain lead and that it is the density of the glass and 
probably the silicate content that provide its opaque property, not its 
lead content. 

This apparently has been a common misconception, but after 
careful examination, glass of sufficient size in soft tissues should be 
visualized. 

Edward F. Patz, Jr. 

Brigham and Women's Hospital 
Harvard Medical School 
Boston, MA 02115 
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Audio Entertainment System in a Radiology 
Department 


The care of children in a radiology department has two important 
aspects. The first objective is to obtain excellent, quality images as 
safely as possible. The second, but equally important, objective is to 
make the entire experience as nontraumatic as possible for the child. 
This is achieved by having a pleasant physical environment and by 
having staff trained in and dedicated to the handling of children. In 
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January 1987, to further improve our care of patients, we installed 
an audio entertainment system that we think is unique and helps 
relieve a child’s anxiety. The purpose of this letter is to describe the 
system. 

The system provides audio entertainment to the children not only 
while they are in the waiting areas but also while they are undergoing 
imaging procedures, including studies such as CT, sonography, 
nuclear medicine examinations, and fluoroscopy, but not studies such 
as chest radiographs. 

The system provides four channels of music that are listened to 
through headphones. At each headphone location, each channel can 
be selected independently, and the volume can be controlled by the 
headsets. The headsets are located in patients’ waiting areas and 
also in the rooms for CT, special procedures, sonography, and nuclear 
medicine imaging. In the imaging rooms, the headsets are suspended 
on a cord hanging from the ceiling just above the head of the imaging 
table. The children wear the headsets while they are having their 
imaging studies done. The music for each channel is provided by four 
Bogan RM 350 audio units (supplied by Custom Sound, Indianapolis, 
IN). Each unit is capable of AM or FM radio reception and has a 
commercial-quality tape player with automatic reverse. The tape 
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players can play continuously for an indefinite period. The children 
are provided with a wide selection of entertainment, including classi- 
cal, rock, and country music; children’s stories; and prerecorded 
sports highlights. During 8 months of use, the system has been 
extremely well accepted by children of all ages. 

The headphones that we use are heavy-duty and nonstereophonic. 
The use of the nonstereophonic system and direct wiring of the 
headphones into the walls in waiting areas have resulted in no thefts 
during 8 months of operation. The headphone used is a Columbia 
600352499, Type C3X (supplied by Custom Sound). In the CT area, 
a microphone has been wired into the system. At a press of the 
button, the music is cut out, and the CT technologist can speak 
directly to the patient through the headphones. The patients can use 
the system during virtually all imaging studies other than head CT 
scans. 

Mervyn D. Cohen 

Riley Hospital for Children, Indiana University Medical Center 
Indianapolis, IN 46223 

Fred Boyer 

General Electric Medical Systems 

Indianapolis, IN 46241 
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Initials and addresses of corresponding authors are provided in 
parentheses for each article so that the reader can obtain reprints 
directly. Abstracts are printed verbatim from each journal. 


CLINICAL LITERATURE 


The New England Journal of Medicine 


Prostate-specific antigen as a serum marker for adenocarcinoma 
of the prostate. Stamey TA, Yang N, Hay AR, McNeal JE, Freiha 
FS, Redwine E (TAS, Division of Urology (S287), Stanford University 
School of Medicine, Stanford, CA 94305-5118). N Engi J Med 
317(15):909-916, Oct. 1987 


To compare the clinical usefulness of the serum markers prostate- 
Specific antigen (PSA) and prostatic acid phosphatase (PAP), we 
measured them by radioimmunoassay in 2200 serum samples from 
699 patients, 378 of whom had prostatic cancer. 

PSA was elevated in 122 of 127 patients with newly diagnosed, 
untreated prostatic cancer, including 7 of 12 patients with unsus- 
pected early disease and all of 115 with more advanced disease. The 
PSA level increased with advancing clinical stage and was propor- 
tional to the estimated volume of the tumor. The PAP concentration 
was elevated in only 57 of the patients with cancer and correlated 
less closely with tumor volume. PSA was increased in 86 percent 
and PAP in 14 percent of the patients with benign prostatic hyperpla- 
sia. 

After radical prostatectomy for cancer, PSA routinely fell to unde- 
tectable levels, with a half-life of 2.2 days. If initially elevated, PAP fell 
to normal levels within 24 hours but always remained detectable. In 
Six patients followed postoperatively by means of repeated measure- 
ments, PSA—but not PAP—appeared to be useful in detecting 
residual and early recurrence of tumor and in monitoring responses 
to radiation therapy. 

Prostate massage increased the levels of both PSA and PAP 
approximately 1.5 to 2 times. Needle biopsy and transurethral resec- 
tion increased both considerably. 

We conclude that PSA is more sensitive than PAP in the detection 
of prostatic cancer and will probably be more useful in monitoring 
responses and recurrence after therapy. However, since both PSA 
and PAP may be elevated in benign prostatic hyperplasia, neither 
marker is specific. 


Cancer 


Primary anorectal lymphoma: a new manifestation of the acquired 
immune deficiency syndrome (AIDS). Ioachim HL, Weinstein MA, 
Robbins RD, Sohn N, Lugo PN (HLI, Depts. of Pathology and Surgery, 
Lenox Hill Hospital, New York, NY). Cancer 60:1449-1453, 1987 


Non-Hodgkin's lymphomas with particular clinicopathologic fea- 
tures occur with a high incidence in homosexual men affected by 
AIDS. More frequently than in the general population, these lympho- 
mas have an extranodal location including the gastrointestinal tract. 
We have recently observed four cases of AIDS-associated lympho- 
mas whose primary location is in the lower rectum and anus. The 
patients were 27 to 44 years of age, had greatly depressed helper- 
suppressor T-cell ratios, and antibodies to human immunodeficiency 
virus (HIV). All four presented with anorectal symptoms and Originally 
had surgery for anorectal fistulas or tumor masses. When staged, 
three patients had no other organ involvement, the fourth only had 
lymphoma in an axillary lymph node, and all four had large tumor 
masses confined within the rectum. In terms of histology, the lym- 
phomas were of undifferentiated or of large cell type and of B-cell 
phenotype. Lymphomas with primary or major location in the rectum 
are a rare occurrence in the general population, and until recently, 
are rare even among the lymphomas associated with the immune 
deficiency syndrome. At the Lenox Hill Hospital in New York City, no 
rectal lymphoma among the 58 cases of AIDS-related lymphoma 
diagnosed during the past 4 years was recorded until 10 months 
ago. The recognition of the new feature in presentation, a neoplasm 
associated with AIDS, is obviously important for its early diagnosis 
and treatment. Its unusual occurrence at the suspected portal of 
entry of the HIV infection is of interest because it may provide new 
clues to the association between AIDS and neoplasia. 

Reprinted by permission from the American Cancer Society. 


Late multifocal gliomas in adolescents previously treated for 
acute lymphoblastic leukemia. Fontana M, Stanton C, Pompili A, et 
al. (MF, Division of Neurosurgery, Istituto Regina Elena, V. le Regina 
Elena 291, 00161, Rome, Italy). Cancer 60:1510-1518, 1987 


Three of 37 adolescents in long-term remission from childhood 
acute lymphoblastic leukemia (ALL) developed malignant multifocal 
gliomas several years after completing treatment that included central 
nervous system (CNS) prophylaxis with radiation (RT) and intrathecal 
methotrexate (IT-MTX). No recurrence of the leukemia was evident 
when the CNS tumors were discovered. Seventeen other similar 
cases have been recorded. The occurrence of second malignancies 
is reviewed in the context of this development and of the oncogenic 
effects of radiation. It is probable that prolonged exposure to IT-MTX 
may have had a synergistic effect with radiation in contributing to the 
unusual incidence of glial tumors in these patients. 

Reprinted by permission from the American Cancer Society. 


Chest 


Transthoracic needle biopsy of lung in nonhospitalized patients. 
Poe RH, Kallay MC (RHP, Highland Hospital, Rochester, NY 14620). 
Chest 92:676-678, 1987 
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To confirm the safety of transthoracic needle biopsy of the lung 
(TNB) in the outpatient setting, we reviewed our experience with 106 
such procedures over three years. We compared the operating 
characteristics and morbidity with the 65 similar procedures we were 
asked to perform on hospitalized patients during the same period. 
Outpatients did not differ from inpatients in mean age, sex, incidence 
of clinically apparent COPD, size and location of lesion, or number of 
needle passes. The operating characteristics of the biopsy were the 
same for the two groups. Pneumothorax occurred in 29 (27 percent) 
of 106 outpatient and 26 (40 percent) of 65 inpatient TNBs. Few 
pneumothoraces not present upon completion of biopsy developed 
during four hours of observation or later. The requirement for chest 
tube drainage was similar for both groups, 5.7 and 4.6 percent, 
respectively. With appropriate caution, TNB can be performed safely 
on an outpatient basis and the cost of an uncomplicated procedure 
reduced by 27 percent. 


Gastroenterology 


Natural history of untreated colonic polyps. Stryker SJ, Wolff BG, 
Culp CE, Libbe SD, Ilstrup DM, MacCarty RL (BGW, Section of Colon 
and Rectal Surgery, Mayo Clinic, 200 First St. S. W., Rochester, MN 
55905. Gastroenterology 93:1009-1013, 1987 


The natural history of untreated colonic polyps is uncertain. A 
retrospective review of Mayo Clinic records from a 6-yr period just 
before the advent of colonoscopy identified 226 patients with colonic 
polyps =10 mm in diameter in whom periodic radiographic examina- 
tion of the colon was elected over excisional therapy. In all patients, 
follow-up of polyps spanned at least 12 mo (mean, 68 mo; range, 
12-229 mo) and included at least two barium enema examinations 
(mean, 5.2; range, 2-17). During the follow-up period, 83 polyps 
(37%) enlarged. Twenty-one invasive carcinomas were identified at 
the site of the index polyp at a mean follow-up of 108 mo (range, 24- 
225 mo). Actuarial analysis revealed that the cumulative risk of 
diagnosis of cancer at the polyp site at 5, 10, and 20 yr was 2.5%, 
8%, and 24%, respectively. In addition, 11 invasive cancers were 
found at a site remote from the index polyp during the same follow- 
up period. These data further support the recommendation for exci- 
sion of all colonic polyps =>10 mm in diameter. Periodic examination 
of the entire colon is recommended in this group of patients to identify 
neoplasms arising at a site remote from the index polyp. Although 
this study has limitations inherent to any retrospective analysis, 
comparable prospective data are unlikely to be available in the future 
because of the current widespread availability of colonoscopy. 

Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Sonographic imaging of the pancreatic duct: new diagnostic 
possibilities using secretin stimulation. Glaser J. HOgemann B, 
Krummenerl T, et al. (JG, Medical Clinic and Policlinic, University of 
Munster, Albert-Schweitzer-Str. 33, D-4400 Munster, West Ger- 
many). Dig Dis Sci 32(10): 1075-1081. 1987 


The pancreatic duct or at least parts of this structure can be 
demonstrated today by sonography in 75-85% of all persons exam- 
ined. In 84 persons we have now measured the caliber of the 
sonographically visualized pancreatic duct in the region of the proxi- 
mal body of the pancreas with special attention to dependence on 
age. The diameter of Wirsung’s duct ranged from 1 to 3 mm (mean 
1.9 mm) and increased significantly from the fifth decade of life 
onwards. After intravenous injection of the hormone secretin, healthy 
persons usually show a distinct duct enlargement, which also de- 
pends on age. Nine persons aged 19 through 35 (median 28) years 
showed a dilatation of the main pancreatic duct by about 110% 
following secretion injection. Nine further probands, 50-74 (median 
58) years old, had a dilatation of about 70%. Eighteen patients with 
confirmed chronic pancreatitis and a pancreatic duct diameter not 
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exceeding 4 mm generally showed no duct enlargement after secretin 
stimulation. We believe that periductal fibrosis, which is common in 
chronic pancreatitis, is the most important reason for these results. 
The use of the sonographic secretin test in the diagnosis of chronic 
pancreatitis should be considered. 


Changes in colorectal function in patients with chronic colonic 
pseudoobstruction. Loening-Baucke VA, Anuras S, Mitros FA (VAL, 
Dept. of Pediatrics, University of lowa Hospitals and Clinics, lowa 
City, IA 52242). Dig Dis Sci 32(10):1104-1112, Oct. 1987 


Motility studies of the lower bowel, radiology to exclude other 
gastrointestinal involvement, and rectal biopsies were carried out in 
11 patients, age 21-60 years, with isolated chronic colonic pseu- 
doobstruction. Repeated plain abdominal x-rays during symptomatic 
periods revealed massive gaseous colonic distension in all. Seven 
patients had the primary form while four patients had an underlying 
disease which could have been responsible for the chronic colonic 
pseudoobstruction. Lower bowel motility was decreased in patients 
with the primary form. Rectal wall elasticity was increased in both the 
primary and secondary form. Some of the abnormalities measured 
may suggest myogenic abnormalities of the sigmoid or rectal wall. 
No specific neural or muscular morphologic defect was identified in 
colonic transmural sections in eight patients except in the patient 
with Hirschsprung’s disease. Five of seven patients with primary 
colonic pseudoobstruction achieved symptomatic relief only after 
subtotal colectomy and ileoproctostomy. 


Scandinavian Journal of Gastroenterology 


Value of sonography in obstructive jaundice: limitations of bile 
duct caliber as an index of obstruction. Pedersen OM, Nordgard 
K, Kvinnsland S (OMP, Dept. of Clinical Physiology, 5016 Haukeland 
Hospital, University of Bergen, Bergen, Norway). Scand J Gastroen- 
terol 22:975-981, 1987 


The diagnostic value of sonography was assessed in 176 patients 
with jaundice who had a final diagnosis on the basis of surgery, 
autopsy, liver biopsy, endoscopic retrograde cholangiopancreatog- 
raphy, and serum tests positive for hepatitis A and B. Obstructive 
(n = 113) versus nonobstructive jaundice (n = 63) was diagnosed 
with a sensitivity of 91% and a specificity of 95%. Nine of the 10 
false negatives had choledocholithiasis. Application of stricter criteria 
for common duct (CD) dilatation than the one used of CD = 8 mm to 
= 12 mm would have lowered the sensitivity from 91% to 84%. On 
the basis of these criteria the predicted level of obstruction would 
have shifted from distal to proximal in 36% of the patients. Choledo- 
cholithiasis was more often associated with decreasing bilirubin val- 
ues than malignancy: 55% versus 9% (p<0.05). The present study 
indicates that intermittent obstruction, usually associated with cho- 
ledocholithiasis, constitutes the main problem in detection of obstruc- 
tive jaundice. Diameter criteria used for diagnosing dilatation of the 
CD may greatly influence sonographic accuracy. 


The Journal of Bone and Joint Surgery 


Anatomy of the abducter muscles of the hip as studied by com- 
puted tomography. Clark JM, Haynor DR (JMC, Dept. of Orthopae- 
dics, RK-10, University of Washington Hospitals and Clinics, Seattle, 
WA 98195). J Bone Joint Surg [Am] 69-A:1021-1031, Sept. 1987 


Computed tomography provides a noninvasive method for study- 
ing anatomy in live subjects. The abductor muscles of the hip were 
Studied by using computed tomography to describe their position, 
size, and orientation. The outlines of the muscles were clearly iden- 
tifiable; patterns that are associated with trauma, arthritis, and so on, 
differed from normal. The patterns in eighteen normal hips in twelve 
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adults were mapped in detail. The cross-sectional areas of the 
abductor muscles were measured and vectors representing the total 
pull of the abductor muscle in the frontal and sagittal planes were 
constructed for each hip. The variations in individual and composite 
muscular anatomy were recorded. The inclination of the axis of the 
abductor muscle ranged from 17 to 26 degrees (standard deviation, 
2.9 degrees) in the frontal plane and from —2 to 14 degrees (standard 
deviation, 4.2 degrees) in the sagittal plane. 


Clinical Orthopaedics and Related Research 


Incomplete thickness rotator cuff tears diagnosed by subacromial 
bursography. Fukuda H, Mikasa M, Yamanaka K (HF, Dept. of 
Orthopaedic Surgery, Tokai University Oiso Hospital, Oiso, 259-01 
Japan). Clin Orthop Oct. (223):51-58, 1987 


Incomplete thickness rotator cuff tears (ITRCT) adjacent to the 
bursal sac were diagnosed preoperatively by subacromial bursogra- 
phy and confirmed by surgical exposure. There were five men and 
one woman with an average age of 41.8 years. The preoperative 
duration of shoulder pain ranged from four to 36 months (average, 
15.8 months). Clinical manifestations included crepitus and a painful 
arc in five of the six cases. Glenohumeral arthrography was normal 
in all cases. Subacromial bursography, subsequently performed, re- 
vealed pooling of the contrast medium in a torn area of the bursal 
side of the rotator cuff in all cases. Surgical treatment was recom- 
mended after the failure of conservative treatment for three to ten 
months. The surgical treatment consisted of both anterior acromio- 
plasty and tendon suture. Wedge resection and shoelace suture 
repair of the tendon produced satisfactory results in all cases followed 
for ten to 72 months (average, 44.3 months). ITRCT adherent to the 
bursal sac were noted in 2.4% of a cadaver survey. Subacromial 
bursography can be a useful diagnostic procedure for this specific 
entity in subacromial impingement syndrome. 


The Journal of Urology 


Percutaneous renal calculus removal in an extracorporeal shock 
wave lithotripsy practice. Leroy AJ, Segura JW, Williams HJ Jr., 
Patterson DE (AJL, Mayo Clinic, 200 First St., S. W., Rochester, MN 
55905). J Urol 138:703-706, Oct. 1987 


The introduction of extracorporeal shock wave lithotripsy and 
transurethral ureteroscopy have altered markedly the incidence of 
standard surgical and percutaneous stone removal procedures. To 
help define the present role of percutaneous procedures in our 
practice we evaluated our indications, results and the clinical course 
of 143 patients who were treated primarily with percutaneous meth- 
ods during 1 year in which extracorporeal shock wave lithotripsy also 
was available. The complexity of these residual percutaneous cases 
necessitated repeat endoscopic or fluoroscopic stone removal pro- 
cedures in 20 per cent and ancillary extracorporeal shock wave 
lithotripsy in 22 per cent, and led to a slightly higher complication rate 
than in our previous percutaneous series. Despite the effectiveness 
of extracorporeal shock wave lithotripsy, percutaneous methods still 
are necessary for comprehensive therapy of upper tract urolithiasis. 


British Journal of Urology 


Renal scarring secondary to vesicoureteric reflux: critical assess- 
ment and new grading. Monsour M, Azmy AF, MacKenzie JR (AFA, 
Dept. of Paediatric Surgery, Royal Hospital for Sick Children, Yorkhill, 
Glasgow G3 8SJ, United Kingdom). Br J Urol 60:320-324, October 
1987 

One hundred and fifty children with proven urinary tract infection 


who were assessed by renal ultrasound (U/S), intravenous urography 
(IVU) and dimercaptosuccinic acid (°°"°Tc DMSA) scan, were studied 
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to identify the sensitivity of each examination and the pick-up rate of 
renal scarring secondary to vesicoureteric reflux. Sixty-three of these 
children who had the examinations carried out within a 6-month 
period were assessed in detail. 

A DMSA scan is the most accurate method of detecting early renal 
scars in the young age group (0-2 and 2-5 years), followed by 
ultrasound. The examinations are equally sensitive over the age of 5. 
A new grading system of the severity of renal scarring is presented. 


Pediatrics 


Is moderate drinking during pregnancy associated with an in- 
creased risk for malformations? Mills JL, Graubard BI (JLM, Epi- 
demiology Branch, Landow/8B06, EBRP, NICHD, NIH, Bethesda, 
MD 20892). Pediatrics 80(3)309-314, Sept. 1987 


The relationship between heavy drinking during pregnancy and 
congenital malformations is well known; however, whether moderate 
or light drinking is teratogenic is controversial. This prospective birth 
defects study collected information from 32,870 women about alcohol 
consumption during the first trimester of pregnancy. Total malfor- 
mation rates were not significantly higher among offspring of women 
who had an average of less than one drink per day (77.3/1,000) or 
one to two drinks per day (83.2/1,000) than among nondrinkers 
(78.1/1,000). An increased risk as small as 12% in the group aver- 
aging less than one drink per day and 45% in those averaging one 
to two drinks per day would most likely have been detected if it were 
present. Likewise, major malformations were not increased in these 
drinking groups. Examining malformations by organ system and 
individual defect revealed that sex organ malformations and all geni- 
tourinary malformations increased significantly (P < .05) with increas- 
ing alcohol consumption. These findings suggest that alcohol, at the 
levels usually consumed during pregnancy, is not a significant cause 
of malformations. Nonetheless, the possibility that there are some 
malformations for which no safe drinking level exists requires addi- 
tional investigation. 

Reprinted by permission of PEDIATRICS © 1987. 


Atlantoaxial instability in individuals with Down syndrome: epi- 
demiologic, radiographic, and clinical studies. Pueschel SM, Scola 
FH (SMP, Child Development Center, 593 Eddy St., Providence, RI 
02902). Pediatrics 80(4)555-560, Oct. 1987 


Atlantoaxial instability is a relatively frequent finding in individuals 
with Down syndrome. We examined 404 patients with this chromo- 
some disorder and observed their atlanto-dens intervals and spinal 
canal widths to be significantly different from children without Down 
syndrome. Significant differences were also noted between boys and 
girls with Down syndrome in spinal canal widths but not in atlanto- 
dens interval measurements. When different neck positions were 
compared, measurements obtained in flexion were significantly 
greater than in extension or in neutral position. In addition, more 
patients had 25 mm atlanto-dens interval measurements in flexion 
than in extension or neutral. A total of 59 (14.6%) of 404 patients 
displayed atlantoaxial instability. Fifty-three (13.1%) patients had 
asymptomatic atlantoaxial instability, and special precautions will 
have to be taken with this group of children. Six (1.5%) patients had 
symptomatic atlantoaxial instability who underwent surgery to pre- 
vent further injury to the spinal cord. In our follow-up studies of 95 
patients with Down syndrome, we did not find any significant changes 
during either clinical or radiographic reexaminations. 

Reprinted by permission of PEDIATRICS © 1987. 


The Journal of Pediatrics 


Long-term prognosis of giant coronary aneurysm in Kawasaki 
disease: an angiographic study. Tatara K, Kusakawa S (KT, Dept. 
of Pediatrics, Tokyo Women's Medical College Daini Hospital, Ni- 
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shiogu 2-1-10, Arakawa-ku, Tokyo 116, Japan). J Pediatr 111:705- 
710, November 1987 


The incidence of coronary obstruction subsequent to giant coro- 
nary aneurysm in Kawasaki disease was studied. In 20 cases, aneu- 
rysms with a maximal diameter >8 mm were identified by coronary 
angiography 2 to 120 months (mean 16.9 months) after onset. There 
were 25 giant aneurysms among these 20 patients, all of whom 
underwent coronary angiography between 12 and 134 months (mean 
31.7 months) after initial examination. Coronary obstruction occurred 
in six cases (30.0%), all within 4 years of onset of disease. There 
were five obstructive aneurysms in the right coronary artery (5/12; 
41.7%) and two in the left coronary artery (2/13; 15.4%). One of 
these patients developed symptomatic myocardial infarction. Two 
had abnormal electrocardiographic findings suggesting myocardial 
infarction. In five cases, persistent perfusion defects were found by 
myocardial imaging. On the other hand, in two patients giant aneu- 
rysms persisted without obstructive changes for >10 years. In both 
cases the aneurysm was in the left coronary artery and obstruction 
of the right coronary artery was found at initial angiography. These 
results seem to indicate the limited efficacy of antiplatelet therapy for 
giant coronary aneurysms in Kawasaki disease and that giant aneu- 
rysms are likely to progress to become obstructive within a few years 
even if antiplatelet therapy is given. Other forms of treatment, includ- 
ing surgery, should therefore be considered in such patients. 


RADIOLOGY SUBSPECIALTY JOURNALS 


The Journal of Nuclear Medicine 


Pulmonary embolism and lung scanning: cost-effectiveness and 
benefit:risk. Specker BL, Saenger EL, Buncher CR, McDevitt RA 
(ELS, E. L. Saenger Radioisotope Laboratory, Mail Location #577, 
Dept. of Radiology, University of Cincinnati Hospital, Cincinnati, OH 
45267). J Nucl Med 28(10):1521-1530, Oct. 1987 


The cost-effectiveness of pulmonary imaging (lung scan) on the 
management of 2,023 patients was studied. Prior and postscan 
probabilities of pulmonary embolism (PE) were obtained from referring 
physicians. After the scan, anticoagulant therapy (ACT) was appro- 
priately changed in 20% of the patients and confirmed in 67%. The 
incremental cost of scanning was $124 per patient when the prior 
probability was 0.01-9.99%, dropping to $38 when the probability 
was 10-25%. Hospitalization and ACT cost was reduced when the 
prior probability was 25.01-99.99%. The greatest benefit in lives 
saved was when the prior probability was 25-74.99%; 1.5% of this 
probability group would survive as a result of the change in manage- 
ment attributable to the scan, at a cost of $117 per life saved. The 
benefit: risk ratio, as measured by lives saved compared to estimates 
of lives lost due to radiation exposure, was of the order of 6,000:1. 


Journal of Thoracic Imaging 


Blood supply of pulmonary metastases. Milne ENC, Zerhouni EA 
(ENCM, Dept. of Radiological Sciences, University of California, Irvine 
Medical Center, 101 The City Dr., Orange, CA 92668). J Thorac Imag 
2(4):15-23, 1987 


There is a widely held belief that metastases to the lung (like 
primary lung tumors) are supplied by the bronchial arteries and that 
pulmonary neovascularization does not occur. In 17 human lungs, 
we have demonstrated, both in vitro and in vivo, pulmonary circulation 
to metastases. We have confirmed this in a series of animal studies 
in which we implanted tumors of various histologies into rats’ tails 
and induced metastases from these tumors into the lungs. Forty- 
eight percent of these metastases had an entirely pulmonary circu- 
lation, 36% a primarily pulmonary circulation with a small bronchial 
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component, and only 16% of metastases, located in the central one 
third of the lung, had an exclusively bronchial circulation. We have 
now shown that these supplying pulmonary vessels to metastases 
can be clearly demonstrated on thin-section computed tomography 
of the lungs. This may prove to be a helpful, noninterventional 
diagnostic criterion for distinguishing a primary from a metastatic 
lesion. 


Pulmonary tumor embolism: a critical review of clinical, imaging, 
and hemodynamic features. Chan CK, Hutcheon MA, Hyland RH, 
Smith GJW, Patterson BJ, Matthay RA (RAM, Pulmonary Section, 
LCI 105, Dept. of Medicine, Yale University School of Medicine, 333 
Cedar St., PO Box 3333, New Haven, CT 06510). J Thorac Imag 
2(4):4-14, 1987 


Pulmonary tumor embolism is a common finding at autopsy but is 
generally perceived as a difficult diagnosis to make ante mortem. 
After a retrospective review of 164 reported cases of pulmonary 
tumor embolism, we identified a typical profile of clinical, laboratory, 
and imaging features that may permit confident clinical diagnosis in 
most patients with this condition. The clinical features include a 
documented or suspected underlying malignancy, acute to subacute 
onset of dyspnea, and signs of cor pulmonale. Supportive laboratory 
features are hypoxemia or increased alveolar-arterial oxygen gra- 
dient, and invasive or noninvasive evidence of pulmonary artery 
hypertension. Typical imaging findings are normal chest radiographs; 
multiple, subsegmental, peripheral perfusion defects on ventilation- 
perfusion lung scans; and delayed filling with or without subsegmental 
filling defects but without a thrombus on pulmonary angiogram. 
Radiolabeled monoclonal antibody imaging and pulmonary microvas- 
cular cytology sampling techniques are promising diagnostic tests for 
early diagnosis of pulmonary tumor embolism. 


Pediatric Radiology 


The treatment of post-operative and peptic esophageal strictures 
after esophageal atresia repair. Hoffer FA, Winter HS, Fellows KE, 
Folkman J (FAH, Dept. of Radiology, The Children's Hospital, Boston, 
MA). Pediatr Radiol 17:454-458, 1987 


Nine patients, 6 weeks to 17 years of age with esophageal atresia 
(EA), developed esophageal strictures and were treated with 26 
balloon catheter dilatations over a period of 3 years; 6 are now 
asymptomatic. Five of the 9 patients had suspected reflux esopha- 
gitis, confirmed in 3 by biopsy and treated medically prior to dilatation. 
Seven of the 9 patients had a primary anastomosis, 1 a gastric tube, 
and 1 acolonic interposition. Most dilatations in the group of 7 were 
performed with balloon (B) = the diameter of the distal esophagus 
(E) (B/E= 1). The 3 residually symptomatic patients include an infant 
dilated conservatively (B/E<1) to facilitate later bouginage, 1 patient 
with a recurrent stricture after stopping medical therapy and home 
bouginage, and 1 infant who had a persistent anastomotic stricture, 
suspected but untreated reflux esophagitis, and a perforation during 
the second balloon dilatation. Balloon catheter esophageal dilatation, 
as an alternative to bouginage, is usually a safe and effective proce- 
dure when reflux esophagitis is diagnosed and treated prior to 
dilatation. 


Journal of Ultrasound in Medicine 


Fetal spine morphology and maturation during the second trimes- 
ter: sonographic evaluation. Filly RA, Simpson GF, Linkowski G 
(RAF, Dept. Radiology, L-374, University of California School of 
Medicine, San Francisco, CA 94143). J Ultrasound Med 6(11):631- 
636, Nov. 1987 


We reviewed high-resolution real-time sonographic images (espe- 
cially selected for a lack of technical artifacts) of the fetal spine of 46 
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normal fetuses between 18-27 menstrual weeks of development. 
The degree of visible posterior neural arch ossification was graded 
and compared with the gestational age. Recognizable early ossifica- 
tion of the laminae was seen in the cervical region of all fetuses 
Studied. Similar ossification followed sequentially in the thoracic, 
lumbar, and sacral regions; however, sonographically recognizable 
ossification of the laminae in the lumbar spine was delayed until 22- 
24 weeks and in the sacral spine until 25 weeks or more. Awareness 
of these features will help to prevent false-positive diagnoses of 
dysraphism and, conversely, hopefully augment our ability to detect 
such lesions. 

Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Journal of Computer Assisted Tomography 


MR imaging of transverse/sigmoid dural sinus and jugular vein 
thrombosis. McArdle CB, Mirfakhraee M, Amparo EG, Kulkarni MV 
(EGA, Magnetic Resonance Imaging Division, Dept. of Radiology, 
G09, University of Texas Medical Branch, Galveston, TX 77550- 
2780). J Comput Assist Tomogr 11(5):831-838, Sept/Oct. 1987 


Magnetic resonance (MR) imaging was performed on six patients 
with thrombosis involving the transverse/sigmoid sinus and jugular 
bulb/vein. Venographic confirmation was obtained in five cases. 
Thrombi were characterized by increased intraluminal signal on all 
planes of section and pulse sequences. The change in signal intensity 
from first to second echo for thrombi was qualitatively less than that 
found with slow flow. Partial thrombosis in one case was seen as a 
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ring pattern of central intermediate intensity corresponding to the 
thrombus, surrounded by a peripheral ring of signal void related to 
flowing blood. The MR findings closely correlated with venography in 
predicting thrombosis. Evidence of thrombi was not available from 
CT. Magnetic resonance is well suited for the diagnosis of occlusive 
disease of the dural venous sinus and jugular bulb. 


Magnetic Resonance Imaging 


3D reconstruction of the brain from magnetic resonance images 
using a connectivity algorithm. Cline HE, Dumoulin CL, Hart HR Jr, 
Lorensen WE, Ludke S (HEC, General Electric Co., Corporate Re- 
search and Development, Schenectady, NY 12301). Magn Reson 
Imaging 5:345-352, 1987 


We present high resolution three dimensional (3D) connectivity, 
surface construction and display algorithms that detect, extract, and 
display the surface of a brain from contiguous magnetic resonance 
(MR) images. The algorithms identify the external brain surface and 
create a 3D image, showing the fissures and surface convolutions of 
the cerebal hemispheres, cerebellum, and brain stem. Images pro- 
duced by these algorithms also show the morphology of other soft 
tissue boundaries such as the cerebral ventricular system and the 
skin of the patient. For the purposes of 3D reconstruction, our 
experiments show that 7, weighted images give better contrast 
between the surface of the brain and the cerebral spinal fluid than T> 
weighted images. 3D reconstruction of MR data provides a non- 
invasive procedure for examination of the brain surface and other 
anatomical features. 
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News 








Bowman Gray Courses in Diagnostic Ultrasound 


Bowman Gray School of Medicine, Winston-Salem, NC, is spon- 
soring courses in diagnostic ultrasound. Physicians and nonphysi- 
cians: General, Feb. 1-5; Neurosonology, April 25-29, Nonphysicians 
only: Physics, April 5-8; Obstetrics, April 11-15 and June 13-17; 
General, April 18-22 and June 20-24; Arterial and Venous Doppler, 
May 2-4; Urology, May 5-6; Echocardiology, May 9-13. Category 1 
credit: 7 hr per day. Information: Registrar, Ultrasound Center, The 
Bowman Gray School of Medicine, 300 S. Hawthorne Rd., Winston- 
Salem, NC 27103; (919) 748-4505. 


Annual Advanced Ultrasound Seminar 


The Center for Medical Ultrasound, The Bowman Gray School of 
Medicine, and the Dept. of Radiology, Orlando Recional Medical 
Center, are sponsoring the 11th annual Advanced Ultrasound Semi- 
nar, Obstetrics/Gynecology, Feb. 11-13, at the Buena Vista Palace, 
Lake Buena Vista, FL. This intense 3-day course will present the 
latest techniques in obstetric and gynecologic sonography. Program 
directors: L. D. Greenbaum and F. W. Kremkau. Guest faculty: J. P. 
Crane, R. A. Filly, E. A. Lyons, L. H. Nelson, R. C. Sanders, and R. 
L. Teele. Category 1 credit: 14 hr. This course also is approved for 
14 cognates, Formal Learning, by the American College of Obstetri- 
cians and Gynecologists. Fee: $375. Information: Registrar, Ultra- 
sound Center, The Bowman Gray School of Medicine, 300 S. Haw- 
thorne Rd., Winston-Salem, NC 27103; (919) 748-4505. 


Tutorial Seminar on Endovaginal and Endorectal 
(Prostate) Ultrasound 


The International Association for Endosonography Program is 
sponsoring a tutorial seminar on endovaginal and endorectal (pros- 
tate) ultrasound, March 24-26, in Orlando, FL. Program directors: B. 
Goldberg, M. Resnick, and L. Popp. Category 1 credits will be 
awarded. Fee: $200 for 1 day; $475 for 3 days. Information: Inter- 
national Association for Endosonography Program, 602 St. Andrews 
Dr., Media, PA 19063; (215) 565-8175. 


Ultrasound 1988 


The Dept. of Radiology, Brigham and Women’s Hospital, and 
Harvard Medical School will offer their 13th annual postgraduate 


course on ultrasound, April 5-8. A special feature will be a Basics of 
Ultrasound day on April 5. The fee for this portion is $100. Program 
director: P. M. Doubilet. Category 1 credit: 28 hr. Fee: physicians, 
$495; residents, fellows, and technologists, $325. Information: Dept. 
of Continuing Education, Harvard Medical School, 25 Shattuck St., 
Boston, MA 02115; (617) 732-1525. 


Clinical Nuclear Medicine 1988 


The 12th annual postgraduate course in clinical nuclear medicine 
will be offered April 11-14 by the Harvard Medical School and the 
Joint Program in Nuclear Medicine at the Beth Israel Hospital, the 
Brigham and Women's Hospital, The Children’s Hospital, Dana- 
Farber Cancer Institute, and the West Roxbury VA Medical Center. 
Program director: W. D. Kaplan. Category 1 credit: 24 hr. Fee: 
physicians, $450; residents, fellows, and technologists, $325. Infor- 
mation: Dept. of Continuing Education, Harvard Medical School, 25 
Shattuck St., Boston, MA 02115; (617) 732-1525. 


INTERFACE ’88—Problems in Spinal Disease 


SPINECARE—The Children’s Spinal Research Foundation is 
sponsoring INTERFACE '88—Problems in Spinal Disease, April 29- 
May 1, at the Royal North Shore Hospital, Sydney, Australia. This 
multidisciplinary conference on spinal imaging, clinical diagnosis, and 
management will emphasize spinal disease in both children and 
adults. It will enable a state-of-the-art update, interdisciplinary inter- 
change, and discussion of current problems in spinal disease. Radi- 
ologists, orthopedic surgeons, neurosurgeons, neurologists, rheu- 
matologists, and nuclear medicine physicians will participate and 
contribute. Course directors: T. K. F. Taylor, J. Roche, and W. Sorby. 
Guest faculty: C. A. Helms and R. B. Winter. Category 1 credit: none 
applicable. Fee (Australian dollars): full meeting, $250; daily, $125. 
Information: The Conference Officer, Dept. of Diagnostic Raciology, 
Royal North Shore Hospital, St. Leonards NSW 2065, Australia; 
telephone: (02)438-8805 or 438-8505. 


Radiology of the Small Intestine 


A 1-day course on radiology of the small intestine will take place 
June 10 at the John Radcliffe Hospital, Oxford, England. The course 
will feature a review of disorders of the small intestine and will include 
presentations on plain radiographs, the small bowel enema, angiog- 
raphy, and CT. Fee: £35. Information: Dr. D. J. Nolan, Dept. of 
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Radiology, John Radcliffe Hospital, Oxford, OX3 9 DU, England; 
telephone: (865) 817238. 


Canadian Association of Radiologists Annual 
Meeting 


The Canadian Association of Radiologists will hold its 51st annual 
meeting, June 12-16, at the Westin Hotel and Convention Centre, 
Edmonton, Alberta. In addition to guest lecturers, the program will 
include symposia, proffered papers, scientific and technical exhibits, 
and a social program. The Gordon Richards Memorial Lecture will be 
given by B. C. Lentle; The Royal College Lecture will be presented 
by D. L. Tyrrell; and The Annual Orator will be Keith Simpkins. 
Category 1 credit: approximately 30 hr; approval is pending. Infor- 
mation: The Canadian Association of Radiologists, 1440 Ste. Cath- 
erine St. W., Suite 506, Montreal, Quebec, Canada H3G 1R8; (514) 
866-2035. 


Society of Digital Imaging, Management, and 
Communication 


The Society of Digital Imaging, Management, and Communication 
has been formed. The objectives are to promote computer application 
in diagnostic imaging, management, and communications in all its 
aspects and to encourage liaison among radiologists and clinical and 
allied scientists who are concerned with the application, research, 
and advancement of the field. The first scientific meeting of the 
society will be held June 16-18, in Philadelphia, PA. Information 
about submitting papers for presentation and membership applica- 
tion: S. J. Dwyer Ill, Ph.D., Dept. of Diagnostic Radiology, The 
University of Kansas Medical Center, Kansas City, KS 66103 or Yen 
Wang, M.D., D.Sc., Dept. of Radiology, Thomas Jefferson University 
Hospital, Philadelphia, PA 19107. 


Ultrasound: WFUMB/AIUM 1988 Meeting 


The American Institute of Ultrasound in Medicine (AIUM) will host 
the 5th meeting of the World Federation for Ultrasound in Medicine 
and Biology (WFUMB), Oct. 17-21, at the Washington DC Convention 
Center, Washington, DC. The 2nd world congress of Sonographers, 
planned with the assistance of the Society of Diagnostic Medical 
Sonographers (SDMS), will convene also. Information: AIUM Conven- 
tion Dept., 4405 East-West Hwy., Ste. 504, Bethesda, MD 20814. 


Update: Society of Cardiovascular & Interventional 
Radiology Meeting 


The Society of Cardiovascular & Interventional Radiology has 
announced that its 13th annual meeting, March 21-24, will offer 22 
hr of category 1 credit. (See November issue of the AJR for more 
information.) 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 6-7, 1988, and Oct. 5-6, 1989. Oral exami- 
nations will be held at the Executive West Hotel in Louisville, KY, on 
May 23-27, 1988, and June 5-9, 1989. The ABR will accept appli- 
cations for admission to the examinations after July 1, but not later 
than Sept. 30 in the year preceding the year in which the examination 
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is to be taken. For application forms and further information: Office 
of the Secretary, The American Board of Radiology, 300 Park, Ste. 
440, Birmingham, MI 48009. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Visiting Fellowships in MR Imaging, times arranged, San Diego, CA 
(Aug) 

Perceptorships in Imaging and Interventional Radiology, 1987- 
1988, times arranged, San Diego, CA (Dec) 

Delaware Valley Magnetic Resonance Imaging Society Monthly 
Meetings, continuing through May 1988, Philadelphia (Dec) 
Neuroimaging Update, 1988, Jan. 31-Feb. 5, Paradise Island, Ba- 
hamas (Nov) 

Uroradiology ’88, Feb. 1-4, Orlando, FL (Nov) 

Breast Imaging 1988, Feb. 1-5, St. Thomas, U.S. Virgin Islands 
(Sept) 

Los Angeles Radiological Society Post Conference Seminar, Feb. 
2-6, Kaanapali, Maui, HI (Nov) 

International Congress on Interventional Radiology in Cardio- 
Vascular Diseases, Feb. 3-5, Toulouse, France (Sept) 
Thermography in Neuromusculoskeletal Disorders, Feb. 6-7 and 
April 16-17, New York (Dec) 

Intermountain Imaging Conference, Feb. 6-13, Steamboat Springs, 
CO (Nov) 

12th Annual Big Sky Radiology Conference, Feb. 7-12, Great Falls, 
MT (Sept) 

Vascular Imaging and Interventional Radiology at Snowbird, Feb. 
7-12, Snowbird, UT (Nov) 

Uroradiology Course, Feb. 10-11, Bethesda, MD (Nov) 

Practical Aspects of Diagnostic Radiology/Medical Imaging, Feb. 
13-19, Snowmass Village, CO (Dec) 

Sun Valley Imaging, Feb. 13-20, Sun Valley, ID (Nov) 

Diagnostic Radiology and Nuclear Medicine, Feb. 14-21, St. 
Thomas, U.S. Virgin Islands (Oct) 

Palm Beach Magnetic Resonance Imaging Update, Feb. 15-17, 
West Palm Beach, FL (Sept, Nov) 

Winter Imaging Seminar, Feb. 15-19, Cancun, Mexico (Dec) 
Computed Body Tomography 1988—The Cutting Edge, Feb. 18- 
21, Orlando, FL (Nov) 

Radiology in Seville, Feb. 20-27, Seville, Spain (Oct) 
Neuroradiology Seminar, Feb. 21, Orlando, FL (Jan) 

UCSD Imaging and Intervention Conference, Feb. 21-24, San 
Diego, CA (Jan) 

Vail Winter Imaging Seminar IV, Feb. 21-28, Vail, CO (Dec) 
Comprehensive Update: Neuroradiology, Body Imaging, and 
Mammography, Feb. 22-27, Acapulco, Mexico (Nov) 

Diagnostic Ultrasound at Thomas Jefferson University Hospital, 
Feb. 26-27, Philadelphia, PA (Jan) 

Aspen Abdominal, Genitourinary, and Interventional Radiology 
Seminar, Feb. 28-March 2, Aspen, CO (Jan) 

Vascular Imaging and Interventional Radiology at Park City, Feb. 
28-—March 4, Park City, UT (Nov) 

Practical Radiology 1988, Feb. 28—March 4, Vancouver, B.C., Can- 
ada (Jan) 

National Conference on Breast Cancer, Feb. 29-—March 4, Los 
Angeles, CA (Nov) 

Annual Skeletal Symposium, Feb. 29-March 4, Sun Valley, ID (Dec) 
Annual Course of the Society of Computed Body Tomography, 
Feb. 29-March 4, Monterey, CA (Dec) 
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The George Simon Award, deadline for receipt of papers, March 1 
(Dec) 

Doppler Ultrasound in the Canadian Rockies, March 4, Banff 
Springs Hotel (Dec) 

Masters Diagnostic Radiology Conference, March 6-11, Maui, HI 
(Oct) 

Neuroradiology Update/MR Imaging: Neuroradiology Update, 
March 7-10; Magnetic Resonance Imaging, March 7-11; MRI for 
Technologists, March 8-11, Coronado (San Diego), CA (Jan) 

The Lyon Conference: Computer Science and Life, March 10-12, 
Lyon, France (Nov) 

Diagnostic Imaging Down Under, March 12-27, Auckland, New 
Zealand; Sydney and Melbourne, Australia (Oct) 

Imaging Living Brain Chemistry, March 17-18, Baltimore, MD (Dec) 
Pediatric Radiology 1988, March 17-19, Philadelphia (Sept) 
Skeletal Radiology at the Pointe—1988, March 19-24, Phoenix, 
AZ (Jan) 

Ultrasound at Vail, March 19-25, Vail, CO (Nov) 

International Diagnostic Course: Skeletal Radiology, March 19- 
26, Davos, Switzerland (Dec) 

Society of Cardiovascular & Interventional Radiology Meeting, 
March 21-24, Orlando, FL (Nov) 

The Society of Thoracic Radiology—Annual Postgraduate 
Course, March 27-31, Washington, DC (July) 

International London Course in Whole Body Computed Tomog- 
raphy, March 27-31, Perthshire, Scotland (Nov) 

Thoracic Imaging ’88, March 27-31, Washington, DC (Jan) 
Neuroradiology at Vail, March 28-April 1, Vail, CO (Dec) 

National Council on Radiation Protection and Measurements An- 
nual Meeting, March 30-31, Washington, DC (Dec) 

Spanish Radiology Seminar, April 3-8, Miami Beach, FL (Oct) 
Real-Time Ultrasound in Obstetrics and Gynecology, April 18-20, 
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Ann Arbor, MI (Jan) 

Southern California Chapter of the American Association of 
Physicists in Medicine Spring Seminar, April 20-22, Las Vegas, 
NV (Dec) 

International Symposium of the Planning of Radiological Depart- 
ments, April 20-23, Florence, Italy (Sept) 

Practical Interventional Radiology— 1988, April 25-28, Boston, MA 
(Oct) 

Imaging the Central Nervous System, April 25-29, Tucson, AZ 
(Nov) 

Oncologic Imaging Update Course, April 29-May 1, Amelia Island, 
FL (Jan) 

Radiology Review Course, May 1-6, Miami, FL (Dec) 

CT, MR Imaging, and Radiologic Technologist Program, May 4-6, 
Ann Arbor, MI (Jan) 

Fleischner Society Symposium on Chest Disease, May 16-18, 
Montreal, Quebec (Dec) 

Practical Radiology Review Course, May 16-20, Cincinnati, OH 
(Jan) 

International Workshop for the Study of Vascular Anomalies, June 
20-22, Hamburg, Germany (Nov) 

European Congress of NMR in Medicine and Biology, June 23- 
25, Berlin, Germany (Oct) 

Bowman Gray Abdominal Radiology Fellowship, begins July 1, 
Winston-Salem, NC (Nov) 

Copenhagen Symposium on Detection of Breast Cancer, Aug. 24- 
26, Copenhagen, Denmark (Jan) 

Conference on Dose, Time, and Fractionation in Radiation Oncol- 
ogy, Sept. 14-17, Madison, WI (Jan) 

International Symposium on Magnetic Resonance Imaging, Dec. 
14-16, New Dehli, India (Oct) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJA Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 





Classified Advertisements 


Positions Available 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


SKELETAL RADIOLOGIST—The UCLA School of 
Medicine has a full-time nontenure faculty posi- 
tion available in the General Diagnostic Division, 
Dept. of Radiological Sciences. Academic level 
of appointment to be determined. Must be eligi- 
ble for California licensure. Provide CV, a state- 
ment of background and interests in skeletal 
radiology, and a listing of 5 references. Reply to 
Hooshang Kangarloo, M.D., Chair, Dept. of 
Radiological Sciences, UCLA School of Medicine, 
Los Angeles, CA 90024. The University of Cali- 
fornia is an equal opportunity/affirmative action 
employer and encourages applications from 
members of minority groups and women. 2a 


RADIOLOGY FACULTY POSITION—The Dept. of 
Radiology of the State University of New York 
School of Medicine at Stony Brook has an im- 
mediate opening for a general radiologist with 
subspecialty interest in chest and/or genitourinary 
systems to keep pace with the rapid growth of its 
University Hospital. Located on the highly desir- 
able North Shore of Long Island, with convenient 
access to New York City, the medical center pro- 
vides the benefits of academic practice in a subur- 
ban setting. Candidates should be board eligible 
or board certified, having completed an accrea- 
ited training program. Fellowship training or prac- 
tice experience is desirable. Send resume to 
Morton A. Meyers, M.D., Professor and Chairman, 
Dept. of Radiology, School of Medicine, Health 
Sciences Center, SUNY Stony Brook, NY 11794. 
SUNY Stony Brook is an affirmative action/equal 
opportunity educator and employer. 2ap 


SKELETAL RADIOLOGIST—The Dept. of Radi- 
ology at the University of Washington is seeking 
a board-certified skeletal radiologist. The position 
involves Clinical radiography services, medical in- 
struction for fellows, residents and medical stu- 
dents, and research. Included in the facilities are 
a PET scanner, several CT and MRI units (in- 
cluding an investigative unit), and dual- and 
single-photon absorptiometry. Salary is commen- 
surate with rank based on established level at the 
University of Washington School of Medicine. The 
University of Washington is an equal opportunity 
employer. Submit CV to Albert A. Moss, M.D., Pro- 
fessor and Chairman, Dept. of Radiology, SB-05, 
University of Washington, Seattle, WA 98195. 2a 


INTERVENTIONAL RADIOLOGISTS—Position 
now available with large, well-established group 
in exciting Las Vegas, NV. Must have additional 
interventional training. Stimulating academic 
practice. Excellent standard of living, outstanding 
recreational opportunities, and superb desert 
climate. Generous starting salary and benefits 
leading to full partnership in 4 yr. Practice is 
associated with University Medical Center of 
Southern Nevada. Contact Carl A. Recine, M.D., 
7:00 a.m. to 5:00 p.m. PST; (702) 383-2241. 2-3a 


ACADEMIC INTERVENTIONAL RADIOLOGIST 
for rank of instructor or assistant professor com- 
mensurate with qualification. Responsibilities in- 
clude all aspects of angiography, venography, 
lymphography, interventional, therapeutic pro- 
cedures, teaching, and some administrative 
duties. Requirements include fellowship training 
in an acceptable program, board certification in 
diagnostic radiology, and full medical license in 
Massachusetts. Contact Victor G. Millan, M.D., 
Tufts New England Medical Center Hospitals, 750 
Washington St., Box 253, Boston, MA 02111; 
(617) 956-5963. 2-4a 


CHIEF, RADIOLOGY SERVICE—The Tuskegee 
VA Medical Center is seeking board-certified can- 
didates for Chief, Radiology Service in an 831-bed 
general hospital with a 112-bed nursing home 
care unit. The medical center is affiliated with the 
Morehouse School of Medicine. Candidates must 
qualify for academic appointment and have strong 
leadership ability. The Tuskegee-Montgomery- 
Auburn, AL, area offers many opportunities for 
social and cultural activities. Competitive salary, 
plus special physician’s bonus, and excellent 
fringe benefits package. Malpractice coverage 
provided. Applicants should send their CV and 
names of 3 references to Chief of Staff (11), VA 
Medical Center, Tuskegee, AL 36083; (205) 
727-0550 ext. 3645. 2a 


DIAGNOSTIC RADIOLOGIST—Excellent oppor- 
tunity for a board-eligible or board-certified 
radiologist to join a 9-member group in New 
Orleans, LA. The candidate must have training 
and an interest in all areas of diagnostic radiology. 
Experience in MRI required. Please submit CV 
to Harold R. Neitzschman, M.D., 4400 General 
Meyer Ave., Ste. 211, New Orleans, LA 70131: 
(504) 368-5074. 2-4a 


NUCLEAR MEDICINE, SUBSPECIALTY DIAG- 
NOSTIC RADIOLOGIST to lead section of 
university-affiliated dept. Rhode Island Hospital 
is a 715-bed acute care hospital located in beauti- 
ful southeastern New England, 1 hr from Boston. 
Previous administrative experience not necessary. 
Interest in resident teaching essential and clinical 
research interests desirable. Competitive salary 
and excellent work conditions offered. Position 
available July 1988. Contact John J. Cronan, 
Dept. of Diagnostic Radiology, Rhode Island 
Hospital, 593 Eddy St., Providence, RI 02902: 
(401) 277-5194. 2-5a 


DIAGNOSTIC RADIOLOGISTS SOUGHT—In an- 
ticipation of a planned clinical expansion with a 
complete, newly equipped 12-room radiology ser- 
vice, this medical center is actively recruiting staff 
radiologists. We have openings for board-certified 
radiologists with experience in CT, ultrasound, 
MRI, angiography, and DSA. The 327-bed Vet- 
erans Administration Medical Center, Radiology 
Service, is closely affiliated with the University of 
lowa College of Medicine, and suitable candi- 
dates may be considered for combined University/ 
VAMC appointment at a level and salary commen- 
surate with their training and experience. Send 
CV to Frank M. Behlke, M.D., Chief, Radiology 
Service, Veterans Administration Medical Center, 
lowa City, IA 52240 or telephone FTS 863-6531, 
or (319) 338-0581, ext. 531. Equal opportunity/ 
affirmative action employer. 2-3ap 


STAFF RADIOLOGISTS—The College of Physi- 
cians and Surgeons of Columbia University is 
searching for junior and senior staff radiologists 
in our angiography division. Salary and academic 
rank will be commensurate with experience and 
qualifications. Responsibilities include patient 
care, teaching, and supervising residents for 
junior staff level and research, as well as 
demonstrated academic ability, for senior staff 
level. Requirements include board eligibility or 
certification in diagnostic radiology for junior staff 
level; board certification and at least 2 yr of cardio- 
vascular and interventional radiology experience 
for senior staff level. New York state medical 
license required; narcotics license desirable. 
Please send resume to David H. Baker, M.D., 
Dept. of Radiology, 622 West 168th St., New York, 
NY 10032. Columbia University is an affirmative 
action/equal opportunity employer. 2a 


LARGE, COMMUNITY-BASED RADIOLOGY 
GROUP seeks part-time board-certified radiolo- 
gist willing to work 40 hr/wk in 2-3 mo blocks to 
total 6 mo/yr. Send CV to Victor Gaines, M.D., 
Radiology Dept., Vassar Bros. Hospital, Pough- 
keepsie, NY 12601, or call (914) 454-8500, ext. 
6681. 2-3ap 


NEURORADIOLOGIST to join 9 board-certified 
radiologists in metropolitan southwestern city. 
Group consists of an interventional radiologist, 2 
neuroradiologists, and 2 radiation therapists. 
Need due to increased volurie. Sophisticated 
medical community. Excellent modern facilities 
and equipment. Compensation determined by 
certification and experience. Reply Box X14, AJR 
(see address this section). 2a 


VANCOUVER, CANADA—The University of 
British Columbia and Vancouver General Hospital 
fee-for-service group invites applications from 
radiologists with primary interest in general 
angiography or abdominal imaging. Send CV and 
bibliography to H. J. Burhenne, M.D., Professor 
and Head, Dept. of Radiology, Vancouver General 
Hospital, 855 West 12th Ave., Vancouver, B.C., 
Canada, V5Z 1M9. 2a 


BC/BE DIAGNOSTIC RADIOLOGIST to join and 
develop a radiology dept. in a 40-physician multi- 
specialty group. 250,000 service area, near lakes 
and universities. Send CV to J. Almquist, 1501 S. 
Madison St., Appleton, WI 54915. 2-7a 


RADIOLOGIST, DIAGNOSTIC GENERALIST for 
McCall Memorial Hospital, located in a resort 
mountain village in central Idaho. Three days per 
wk. Board certification preferred. Skills needed 
include fluoroscopy, special procedures, ultra- 
sonography, and mammography. For further in- 
formation, please contact Karen Kellie, Admini- 
Strator, PO. Box 906, McCall, ID 83638: 
(208) 634-2221. 2a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GIST sought with special interest in CT, ultra- 
sound, and angiography, who desires progressive 
role in residency training in the Veterans Ad- 
ministration setting affiliated with Eastern Virginia 
School of Medicine. Four radiologists and a 
nuclear medicine physician assigned. Seeking 
fifth radiologist. Research activities encouraged. 
Contact C. B. Mahon, M.D., Chief, Radiology Ser- 
vice, VA Medical Center, Hampton, VA 23667: 
(804) 722-6661, ext. 363. 2-3a 


ULTRASOUND/NUCLEAR MEDICINE—Hospital- 
based group in Pacific Northwest with private 
practice limited to ultrasound and nuclear medi- 
cine seeks associate with training in these sub- 
specialties. Ultrasound caseload of 9000 studies/ 
yr includes routine and complicated obstetrics, 
vascular, abdominal, pelvic, and pediatric neuro- 
sonography using 3 state-of-the-art Acuson units. 
Nuclear medicine studies encompass cardiac, 
bone, hepatobiliary, pulmonary, renal, and 
SPECT. Send CV to Michael Daly, M.D., Nuclear 
Medicine/Ultrasound Section, Emanuel Hospital, 
2801 N. Gantenbein Ave., Portland, OR 97227. 
2-3ap 


SPRINGER CLINIC, a 50-physician multispecialty 
group practice, has openings for 2 board-certified/ 
eligible diagnostic radiologists. Competitive salary 
leading to full partnership. Generous fringe bene- 
fits. No weekends, holidays, or evenings. Ex- 
perience in CT, ultrasound, and mammography 
is desirable. Please submit CV with inquiry to 
Richard A. Callis, Administrator, 6160 South Yale, 
Tulsa, OK 74136. 2xa 


GASTROINTESTINAL RADIOLOGIST—Yale 
New Haven Medical Center, Yale University 
School of Medicine is seeking a radiologist with 
special interest in gastrointestinal radiology for 
full-time faculty appointment. Academic rank is a 
level of instructor-associate professor depending 
on qualifications. A strong interest in patient care, 
research, and teaching is required. Please send 
inquiries along with CV to Morton Burrell, M.D., 
Professor of Radiology, Director of Gastroin- 
testinal Radiology, Yale University School of 
Medicine, 333 Cedar St., New Haven, CT 06510. 
Yale University is an equal opportunity employer; 
applications from women and minority groups are 
encouraged. 2a 
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MAMMOGRAPHY, UNIVERSITY OF PENNSYL- 
VANIA—Exceptional opportunity for academic 
development in a high-volume, rapidly expanding 
breast imaging section. Ongoing screening and 
problem-solving mammography, breast ultra- 
sound, and collaborative projects in MRI in- 
vestigation. Resident and student teaching 
responsibilities along with flexible participation in 
bone and chest outpatient radiology. Position 
available July 1, 1988. Applicant must be ABR- 
certified and able to obtain license in Penn- 
sylvania. U of P is an affirmative action, equal op- 
portunity employer and specifically encourages 
applications from women and minorities. Send let- 
ter and CV to Rosalind H. Troupin, M.D., Dept. of 
Radiology, H.U.P., 3400 Spruce St., Philadelphia, 
PA 19104. 2-5a 


BC/BE DIAGNOSTIC RADIOLOGIST to join 
university-affiliated dept. Experience or fellowship 
in angiography or neuroradiology desired but will 
consider other candidates. Dept. includes full 
range of services including state-of-the-art Dop- 
pler duplex sonography, CT, and angiography 
suite. For information contact Philip D. Gottlieb, 
M.D., Chief, Radiology Service, Veterans Admini- 
stration Medical Center, 113 Holland Ave., Albany, 
NY 12208; (518) 462-3311. 2a 


DIAGNOSTIC RADIOLOGIST for July 1988 to join 
2 other radiologists in a large, multispecialty group 
practice serving 4 outpatient health centers in 
Rochester, NY. New Toshiba fluoroscopy, ATL 
ultrasound, and LoRad mammography equip- 
ment. Ultrasound and mammography experience 
preferable. 30,000 exams/yr. Please contact 
Dennis S. Moss, M.D., Wilson Health Center, 
Radiology Dept., 800 Carter St., Rochester, NY 
14621; (716) 338-1400, ext. 4096. EOE/MF. 2-5a 


BOARD-CERTIFIED/BOARD-ELIGIBLE DIAG- 
NOSTIC RADIOLOGIST needed for affiliated VA 
Medical Center with expansive programs in 
education and research. Academically oriented 
individual with training in CT and vascular 
radiology preferred. Equal opportunity employer. 
Contact J. Kalus, M.D., at (806) 355-9703, ext. 
7103. 2-4a 


THE UNIVERSITY OF LOUISVILLE, DEPT. OF 
DIAGNOSTIC RADIOLOGY is seeking applica- 
tions from BC/BE diagnostic radiologists to fill full- 
time faculty positions in the following areas in its 
400-bed teaching hospital: (1) neuroradiology, 
(2) cross-sectional body imaging (ultrasound/CT/ 
MRI), (3) general radiology (GI, GU, bone, chest). 
Candidates must be willing to participate in 
undergraduate and graduate teaching and in 
research activities in their respective areas. These 
are fine opportunities in a growing and busy dept. 
with excellent equipment. Both tenure and non- 
tenure track appointments are available and 
academic rank will be commensurate with train- 
ing and experience. Compensation negotiable and 
competitive. Surprisingly, Louisville is currently 
ranked as one of top ten places to live in America 
by Rand McNally. Send inquiries with CV and 3 ref- 
erences to Hollis A. Thomas, M.D., Dept. of Diag- 
nostic Radiology, Humana Hospital University, 
530 S. Jackson St., Louisville, KY 40202. Equal 
opportunity/affirmative action employer. 2-3a 


BC/PENDING DIAGNOSTIC RADIOLOGIST to 
establish hospital-based practice in small JCAH- 
approved hospital located in recreational area of 
Northern CA. Qualifications include California 
license and established experience and training 
in ultrasound, nuclear medicine, CT, and general 
radiology. Applicants should forward their CV and 
other pertinent information to Siskiyou General 
Hospital, Curtis Warrick, 818 S. Main St., Yreka, 
CA 96097; (916) 842-4121. 2-3a 


SEEKING BOARD-CERTIFIED RADIOLOGIST 
for a 40-bed health-care facility in Haily, ID. Bill- 
ing service available. Progressive medical com- 
munity. Located just 10 mi from Sun Valley, ID. For 
further information contact David Farnes, Ad- 
ministrator, Blaine County Medical Center, P.O. 
Box 927. Haily. ID 83333; (208) 788-2222. 1-2a 


CLASSIFIED ADVERTISEMENTS 


NEURORADIOLOGIST, NEW ENGLAND MED- 
ICAL CENTER—Academic position available in 
July 1988 at the Assistant Professor level in the 
Section of Neuroradiology, Dept. of Radiology, 
New England Medical Center Hospital. The suc- 
cessful candidate would join 2 other staff neuro- 
radiologists. BE/BC required. The candidate must 
have completed a 2-yr neuroradiology fellowship 
including training in MRI. Facilities include a 3rd- 
generation CT scanner, a neuroradiographic suite 
with biplane capabilities, and a 1-T MRI unit. 
The hospital is strong in the neurosciences with 
excellent neurology (adult and pediatric) and 
neurosurgery depts. The position provides ex- 
cellent academic opportunities and research 
is encouraged. Interested candidates should 
forward their CV to Samuel M. Wolpert, M.D., 
Neuroradiology Section, New England Medical 
Center, 750 Washington St., Boston, MA 02111; 
(617) 956-6333. 2-3a 


NEW ENGLAND MEDICAL CENTER-TUFTS 
UNIVERSITY SCHOOL OF MEDICINE is seek- 
ing a radiologist in the General Radiology Sec- 
tion. The candidate should have expertise in bone 
radiology and a desire to participate in all 
modalities of bone and joint imaging including 
contrast arthrography. The candidate should also 
have an interest in orthopedic radiology. The 
hospital is a 469-bed (112 pediatric) hospital and 
the principal teaching affiliate of Tufts University 
School of Medicine. The candidate should be 
eligible for a faculty position at the medical 
school. Please direct inquiries and CV to Robert 
C. Sarno, M.D., Dept. of Radiology, New England 
Medical Center Hospitals, 750 Washington St., 
Boston, MA 02111. 1-2ap 


DIRECTOR OF RADIOLOGY—A 200-bed specialty 
hospital that is affiliated with a prestigious medical 
school is seeking a board-certified radiologist to 
direct the activities of our Radiology and Nuclear 
Medicine Dept. This position requires an indivi- 
dual with strong clinical and teaching skills, as 
well as demonstrated administrative ability. Com- 
pensation includes a base salary commensurate 
with experience and ability, private practice bill- 
ing plan, and a comprehensive benefits program. 
This is an excellent opportunity for a highly 
qualified radiologist to join the staff of a well- 
respected, progressive, and innovative institution 
located on Manhattan’s upper East Side. Qualified 
candidates should reply in confidence to Admini- 
stration Office, Chairman of The Search Com- 
mittee, The Hospital for Special Surgery, 535 E. 
70th St., New York, NY 10021. 1-2a 


NEW YORK CITY SUBURBAN PRACTICE seeks 
board-certified radiologist, part-time. Hands-on 
ultrasound skills essential. Solid imaging knowl- 
edge. Personality counts. Grow to full-time. CV to 
Box 18, Meacham Station, Elmont, NY 11003. 
1-2a 


DIAGNOSTIC RADIOLOGIST—Busy 3-man group 
covering hospital and multimodality outpatient im- 
aging center is seeking a board-certified radiolo- 
gist. CT, ultrasound, MRI, nuclear medicine, and 
angiography skills required. Fellowship training 
and interest in neuroradiology a plus. Generous 
salary and liberal benefits leading to early part- 
nership. Send CV to Diagnostic Radiology Con- 
sultants, 7703 Picardy Ave., Baton Rouge, LA 
70809. 1-3a 


THE UNIVERSITY OF SOUTH FLORIDA, DEPT. 
OF RADIOLOGY, is recruiting additional radiology 
faculty for the Moffitt Cancer Center and 
Research Institute. We are seeking general 
academic radiologists with subspecialty expertise 
in nuclear, musculoskeletal, chest, abdominal, or 
interventional radiology. Fellowship or equivalent 
experience is desirable; subspecialty interest 
should encompass all imaging modalities includ- 
ing MRI. The positions involve clinical service, 
teaching, and research. Salary and academic 
rank based on qualifications. Send CV to Robert 
Clark, M.D., Dept. of Radiology, Moffitt Cancer 
Center, P.O. Box 280179, Tampa, FL 33682-0179. 
12-2ap 
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BAYLOR COLLEGE OF MEDICINE, DEPT. OF 
RADIOLOGY, is seeking a diagnostic radiologist 
for the position of Director of Radiologic Educa- 
tion. The physician will be responsible for super- 
vising training of 28 residents and 4 postdoctoral 
fellows in the 8 affiliated hospitals with some 5000 
beds. Clinical responsibilities will be tailored to 
provide sufficient time for teaching and research. 
Applicants must be certified by the American Board 
of Radiology and have demonstrated academic 
leadership. Appointment level will be Associate 
Professor or Full Professor, according to creden- 
tials. Salary is negotiable. Submit CV and 3 ref- 
erences to James E. Harrell, M.D., Professor and 
Chairman, Dept. of Radiology, Baylor College of 
Medicine, One Baylor Plaza, Houston, TX 77030. 
Baylor College of Medicine is an equal oppor- 
tunity/affirmative action employer. 1-2a 


DIAGNOSTIC RADIOLOGIST—Excellent oppor- 
tunity for a board-eligible or a board-certified radi- 
ologist to join a group practice in the New Orleans 
area. The candidate must have training and interest 
in all areas of diagnostic radiology. Experience in 
MRI desired. Please submit CV to Martin A. 
Belanger, M.D., W. Esplanade Ave., Ste. 206, 
Kenner, LA 70065; (504) 464-0811. 1-3ap 


PEDIATRIC RADIOLOGIST—Children’s Hospital 
Medical Center of Akron has a position available 
immediately for a pediatric radiologist. Applicant 
must be board-certified or board-eligible in diag- 
nostic radiology. Additional training in CT, ultra- 
sound, nuclear medicine, and MRI is cesirable. 
Send CV to Lionel W. Young, M.D., Professor and 
Chairman, Northeastern Ohio Universities, Col- 
lege of Medicine, C/O Children’s Hospital Medical 
Center of Akron, 281 Locust St., Akron, OH 
44308. 12-5a 


VASCULAR/INTERVENTIONAL OPENING for 
third vascular and interventional radiolog)st in sub- 
specialized 22-man private practice in 1200-bed 
fully-equipped teaching hospital. Must have 
fellowship training and experience with all aspects 
of vascular and interventional! radiology. Write to 
A.D. Sears, M.D., Chairman, Dept. of Radiology, 
Baylor University Medical Center, 3500 Gaston, 
Dallas, TX 75246. 12-3a 


BOARD-CERTIFIED OR -ELIGIBLE DIAGNOSTIC 
RADIOLOGIST to be part of a 3-person imaging- 
center staff and outpatient specialty clinic in 
Tacoma, WA. The radiology staff of this specialty 
center is associated with the larger radiology 
dept. in hospitals operated by Group Health Co- 
operative of Puget Sound in Seattle and Red- 
mond, WA. The practice consists of responsibility 
in ultrasound, nuclear medicine, GI fluoroscopy, 
mammography, outpatient CT, and diagnostic X- 
ray. For further details please contact Director of 
Medica! Staff Personnel, Group Health Cooperative 
of Puget Sound, 521 Wall St., Seattle, WA 98121; 
(206) 448-6550. 12-3a 


BC/DIAGNOSTIC RADIOLOGIST—Special train- 
ing in MR and/or ultrasound required, Busy 
hospital and office practice in Washington D.C. 
suburbs. Early partnership. Available July 1, 1988. 
Reply Box B62, AJR (see address this section). 
12-2a 


NEW ENGLAND—Iwo positions for BC/BE 
diagnostic radiologists with interest and expertise 
in ultrasound, CT, and mammography to join cur- 
rent, 4-member, office-practice radiology dept. of 
large, rapidly expanding, multispecialty, prepaid, 
and FFS practice. Positions available Jan. 1988 
and July 1988. Competitive compensation and 
benefits. Send CV to Ivan R. Green, M.D., Chair- 
man, Dept. of Radiology, Fallon Clinic, 630 Plan- 
tation St., Worcester, MA 01605. 12-2a 


BOARD-CERTIFIED RADIOLOGIST needed im- 
mediately to work in Ft. Lauderdale area hospital 
and private office in Boca-Raton. Current practice 
includes CT, nuclear medicine, ultrasound, inter- 
ventional mammography, and pediatrics. Compe- 
titive starting salary with partnership in 3 yr. 
Should have Florida license. Contact David 
Wagner, Administrator; (305) 344-9990. 12-2a 
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SEEKING A SECOND, FULL-TIME, TENURED- 
LINE, ACADEMIC NEURORADIOLOGIST with 
an opportunity to participate in a developing 
world-class MRI facility at the University of Ken- 
tucky. Busy neuroradiology division with 1536 
total neuro procedures (596 angiograms and 940 
myelograms), 7346 neuro CT scans, and 1172 
neuro MRI scans last yr, including 378 head ultra- 
sounds and intraoperative neuro ultrasound. Ex- 
cellent equipment with 3 fourth-generation CT 
scanners, new (6-mo-old) neuroangiographic 
Suite with full imaging capability including state- 
of-the-art DSA, 2 myelographic suites, 0.15-T 
resistive MRI (second unit, a 1.5-T superconduc- 
tive MRI, to be installed early spring 1988), and 
potential for significant participation in MRI spec- 
troscopic unit already in place (4.7-T Bruker unit). 
A world-class MRI facility will be built in 2-3 yr 
with excellent opportunity for spectroscopic 
research. The University is very strong in neuro- 
sciences with excellent neurology and neuro- 
surgery departments, and an Aging Research 
Center with emphasis on Alzheimer research. Ex- 
ceptional academic opportunities with excellent 
academic salary. For details write (include CV) or 
call C. Lee, M.D. (member ASNR), (606) 233-6155; 
or H.D. Rosenbaum, M.D. (Chairman of Diagnos- 
tic Radiology), (606) 233-8088: Dept. of Radi- 
ology, University of Kentucky Medical Center, 
Lexington, KY 40536. 12-3a 


DIAGNOSTIC RADIOLOGIST to join expanding 
private radiology group in Tampa Bay area. All 
modalities including MRI and SPECT. Board cer- 
tification or additional training in nuclear medicine 
desirable. Send CV to Box B74, AJR (see address 
this section). 12-2a 


BOARD-CERTIFIED DIAGNOSTIC RADIOL- 
OGIST with subspecialty in cross-sectional imag- 
ing (CT/ultrasound) to join established 7-man 
group at 500-bed, acute-care, medical-school- 
affiliated hospital in New York City. Well-equipped 
modern dept. with all imaging modalities (MRI in 
summer of 1989), plus nearby private office. 
Minimum of 1-yr fellowship in cross-sectional im- 
aging (CT/ultrasound) required. Postfellowship ex- 
perience in cross-sectional imaging at a university 
center would be desirable. Reply Box B85, AJR 
(see address this section). 12xa 


GENERAL DIAGNOSTIC RADIOLOGIST WITH 
INTEREST IN CHEST RADIOLOGY—Diagnostic 
radiologist with training or experience in MRI. Two 
positions available on Jan. 1, 1988, to complete 
staffing for the new VA Medical Center in Min- 
neapolis, MN. Dept. includes MRI, CT, cyclotron 
with PET scanner, interventional vascular suite, 
neuroradiology suite, mammography, plus more. 
Affiliated with the University of Minnesota with 
non-—tenure-tract appointment available at appro- 
priate level. Research and teaching opportunities 
available. Board certification mandatory for both 
positions. One-yr fellowship training or equivalent 
experience in chest radiology and MRI desirable. 
Send letters of inquiry with CV to Donovan B. 
Reinke, M.D., Chief of Diagnostic Radiology 
Service—114, VA Medical Center, 54th St. and 
48th Ave. S., Minneapolis, MN 55417. EOE. 12-2a 


FORT MORGAN, NORTHEAST COLORADO 
COMMUNITY serving 25,000, seeks BC 
radiologist for hospital-based solo practice. 
Nuclear medicine, ultrasound, mammography, 
and angiography. Generous practice assistance. 
Contact PROSEARCH, 305 NE 102nd Ave., Port- 
land, OR 97220; (503) 256-2070. 11-2a 


VASCULAR/INTERVENTIONAL RADIOLO- 
GISTS—University hospital offers full-time staff 
position at assistant to associate professor level 
for vascular/interventional radiologist. Vascular 
MRI and research opportunities included. Please 
contact Klemens H. Barth, M.D., Director, Division 
of Vascular/Interventional Radiology, Georgetown 
University Hospital, 3800 Reservoir Rd., N.W., 
Washington, DC 20007; (202) 625-2891. Affir- 
mative action/equal opportunity employer. 11-2a 


CLASSIFIED ADVERTISEMENTS 


GENERAL DIAGNOSTIC RADIOLOGIST AND A 
BODY CT/ULTRASOUND RADIOLOGIST with 
an opportunity to participate in a developing 
world-class MRI facility. The University of Ken- 
tucky Medical Center is seeking an additional 
staff member who will have virtually full-time 
responsibilities in body cross-sectional radiology. 
Excellent equipment, including 3 fourth- 
generation CT scanners. The position also in- 
cludes a potential for significant participation in 
the clinical and research activities of a superb, 
markedly expanded MRI and spectroscopy facili- 
ty. We are also seeking an additional radiologist 
with duties in conventional diagnostic procedures. 
Both positions have exceptional academic oppor- 
tunities with remuneration far above average for 
University hospitals. For details call (606) 
233-8088 or write (include CV) to H.D. Rosen- 
baum, M.D., Chairman of Diagnostic Radiology, 
University of Kentucky Medical Center, Lexington, 
KY 40536. 11-4a 


THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—Iwo academically-oriented staff radiologists 
are sought for positions in a dynamic Dept. of 
Radiology, now in a rebuilding phase. (1) General 
diagnostic radiologist. This individual will cover 
a broad spectrum of diagnostic areas including 
chest, bone, GI, GU, and breast imaging. One or 
more of these areas can be emphasized accord- 
ing to individual interests. (2) Ultrasound 
radiologist. This individual will join one of the 
largest and most active ultrasound divisions in the 
world and will participate in the full range of 
diagnostic and interventional ultrasound studies. 
Some general diagnostic responsibilities also 
may be included. Candidates should be board 
certified or eligible and have interests in clinical 
radiology, teaching, and research. Please send 
CV to Robert Steiner, M.D., Co-Director, General 
Diagnostic Division; Barry Goldberg, M.D., Direc- 
tor, Division of Ultrasound; or David Levin, M.D, 
Chairman, Dept. of Radiology, Thomas Jefferson 
University Hospital, Philadelphia, PA 19107. 
Thomas Jefferson University Hospital is an Equal 
Opportunity/Affirmative Action Employer. 11-2a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP is in need of new associate approxi- 
mately January to July 1989. Must be board cer- 
tified to become partner. Would prefer multi- 
talented background including interventional 
radiology, nuclear medicine, ultrasound, CT, and 
MRI experience. Ability to speak Spanish helpful 
but not required. Our group covers 4 hospitals in- 
cluding regional trauma center and 2 offices. 
Located in The Sparkling City by the Sea. Kindly 
send CV to Donald R. Brieger, M.D., or R.P 
Chepey, M.D., 2481 Morgan, PO. Box 5608, 
Corpus Christi, TX 78405. 11-2a 


FULL-TIME, PART-TIME, OR LOCUM TENENS 
(LEADING TO PERMANENT) office/hospital- 
based position in south Texas urban community. 
Board certification, friendly attitude, good train- 
ing, motivation, and Texas license required. 
General radiology practice with fluoroscopy, 
mammography, nuclear medicine, sonography, 
CT, and limited MRI. Comfortable hours and 
remuneration with potential to expand. Reply Box 
W60, AJR (see address this section). 11xa 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY is recruiting a Section Head of 
Thoracic Radiology and abdominal imaging 
radiologist for the University Medical Center and 
a General Radiologist for the VA Medical Center. 
Candidates should be trained in appropriate im- 
aging modalities and invasive techniques, and in- 
terested in teaching and research. Income and 
academic rank are negotiable. The University of 
Arizona is an affirmative action/equal opportunity 
employer. Contact Bruce J. Hillman, M.D., Vice- 
Chairman, Dept. of Radiology, University of 
Arizona Health Sciences Center, Tucson, AZ 
85724; (602) 626-7368. 9-2a 


AJR: 150, February 1988 


RADIOLOGIST—A board-certified/board-eligible 
radiologist with experience is needed to join the 
staff of the Alaska Native Medical Center, a 
170-bed referral facility for a state-wide system of 
Indian Health Service hospitals and clinics. Prac- 
tice stimulating and challenging radiology in a 
relaxed and casual atmosphere. State-of-the-art 
in-house CT, sonography, and mammography. 
Send CV to W. M. Cox, M.D., P.O. Box 10-7741, 
Anchorage, AK 99510-7741. EOE. 9-2a 


Positions Desired 


PEDIATRIC RADIOLOGIST, ABR-certified, fel- 
lowship trained, with subsequent academic ex- 
perience seeks full-time pediatric radiology 
position or combination pediatric radiology and 
general radiology in private practice. Reply Box 
C9, AJR (see address this section). 2—4b 


SEEKING POSITION—Diagnostic radiologist. 
Licensed in California, Michigan, and Kentucky. 
Will consider other sites. Reply Box B70, AJR (see 
address this section). 2b 


Fellowships and Residencies 


CT-MRI FELLOWSHIP—2 GE 9800 CT scanners 
(Quick Scan). 1 GE 2.0-T Signa MRI, operating at 
1.5 T. 560-bed, tertiary care University Hospital 
with trauma center. Center city Philadelphia. 
For consideration please send CV to Patricia A. 
Laffey, M.D., Dept. of Diagnostic Radiology, 
Hahnemann University Hospital, Broad and Vine 
Sts., Philadelphia, PA 19102. 2c 


INTERVENTIONAL RADIOLOGY FELLOWSHIP— 
560-bed, tertiary care University Hospital with 
trauma center. Center city Philadelphia. For con- 
sideration please send CV to Steven K. Teplick, 
M.D., Dept. of Diagnostic Radiology, Hahnemann 
University Hospital, Broad and Vine Sts., Phila- 
delphia, PA 19102. 2c 


NEURORADIOLOGY FELLOWSHIP—2 GE 9800 
CT scanners (Quick Scan). 1 GE 2.0-T Signa MRI, 
operating at 1.5 T. 560-bed, tertiary care Univer- 
sity Hospital with trauma center. Center city 
Philadelphia. For consideration please send CV 
to Robert G. Peyster, M.D., Dept. of Diagnostic 
Radiology, Hahnemann University Hospital, Broad 
and Vine Sts., Philadelphia, PA 19102. 2c 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—The Dept. of Radiology, Georgetown Uni- 
versity Hospital announces a new 1-yr fellowship 
in musculoskeletal radiology starting July 1, 1988. 
Equipment includes a 1.5-T Siemens MR; a 
Varian 4.7-T spectral imager for animal research; 
2 GE 9800 Quick CT scanners; and Acuson and 
ATL ultrasound units. The nuclear medicine 
equipment includes 4 single-headed SPECT 
tomographic cameras, the revolutionary Triad 
tomographic camera, and a dual photon den- 
sitometer. Full research and clinical experience 
opportunities in MRI, CT, MSK tumors, rheuma- 
tologic disorders, sports medicine, and trauma are 
program highlights as well as a strong affiliation 
with the National Institutes of Health. Send CV 
to Martha C. Nelson, M.D., Division Director, 
Musculoskeletal Radiology, Georgetown Univer- 
sity Hospital, 3800 Reservoir Rd., N.W., Washing- 
ton, DC 20007; (202) 784-3415. 2-5c 


ULTRASOUND AND INTERVENTIONAL clinical 
fellowships are provided on a continuing basis for 
1-12 wk in diagnostic ultrasound at the University 
of British Columbia, St. Paul’s Hospital, under the 
direction of Dr. Peter Cooperberg, Professor of 
Radiology. About 50 cases per day, including 
abdominal, obstetrical peripheral, and Doppler 
ultrasound are done. Real-time techniques are 
emphasized. Hands-on experience is encouraged. 
Daily reporting rounds and videotape library are 
also available. For further information contact 
Jean Center, secretary to Dr. P. Cooperberg, 
St. Paul’s Hospital, Radiology Dept., 1081 Burrard 
St., Vancouver, B.C. V6Z 1Y6; (604) 682-5026. 2c 
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VASCULAR/INTERVENTIONAL RADIOLOGY 
FELLOWSHIP—One-year fellowship beginning 
July 1, 1988. Must be eligible for a New York state 
license, have completed an approved residency 
program, and be BE or BC. Send CV to Gienn 
Robeson, M.D., Chairman, Radiology, Albany 
Medical Center, 43 New Scotland Ave., Albany, 
NY 12208. 2cp 


THE NEW YORK HOSPITAL-CORNELL MEDI- 
CAL CENTER, DEPT. OF RADIOLOGY has a 1-yr 
fellowship position available beginning July 1, 
1988, in GU radiology. Program will involve 
participation in clinical aspects of GU imaging 
including urography, CT, sonography, and MRI. 
Opportunity for research, particularly that involv- 
ing MRI, is offered. Applicants should be ABR- 
certified or eligible. Interested candidates should 
contact and send CV to Susan Krysiewicz, M.D., 
Dept. of Radiology, The New York Hospital- 
Cornell Medical Center, 525 E. 68th St., New 
York, NY 10021; (212) 472-6136. 2cp 


FELLOWSHIP—The College of Physicians and 
Surgeons of Columbia University is searching for 
a junior staff radiologist to participate in a 1-yr 
cardiac imaging program to begin July 1, 1989. 
Program involves intensive exposure to MRI, 
echocardiography, nuclear cardiology, and digital 
imaging, in addition to participation in conven- 
tional angiocardiography and coronary arteri- 
ography performed in the cardiac catheterization 
laboratories. Requirements include board eligibil- 
ity or certification in diagnostic radiology. New 
York state medical license required; narcotics 
license desirable. Please send resume to Eric C. 
Martin, M.D., Dept. of Radiology, Columbia- 
Presbyterian Medical Center, 622 West 168th St., 
New York, NY 10032. Columbia University is an 
affirmative action/equal opportunity employer. 2c 


PEDIATRIC RADIOLOGY FELLOWSHIP—One- 
year position still available beginning July 1, 1988, 
in an academic teaching children’s hospital. Ex- 
posure to all current aspects of pediatric diag- 
nostic imaging including CT, ultrasound, nuclear 
medicine, angiography including DSA, interven- 
tional procedures, and MRI. Participation in 
research and teaching encouraged. Applicants 
must be board-certified or board-eligible. For 
further information/application contact Marie A. 
Capitanio, M.D., Director, Dept. of Radiology, St. 
Christopher's Hospital for Children, 2600 N. 
Lawrence St., Philadelphia, PA 19133. 2c 


FELLOWSHIP IN BREAST IMAGING—A 1-yr pro- 
gram to start July 1, 1988. Multimodality breast 
evaluation including xeromammography, film- 
screen mammography, breast ultrasonography, 
MRI, physical examination, pathology, medical, 
surgical, and radiological oncology exposure, and 
conferences. Clinical research and publication are 
required. An extensive teaching file available. 
Located in a 550-bed hospital; 40 mammograms 
and 2-6 needle localizations are performed daily. 
Send CV to Olcay S. Cigtay, M.D., Director, Breast 
Imaging, Dept. of Radiology, Georgetown Univer- 
sity Hospital, 3800 Reservoir Rd., N.W., Wash- 
ington, DC 20007. 2-5c 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—The Dept. of Radiology, Georgetown 
University Hospital announces a new 1-yr fellow- 
ship starting July 1, 1988, in musculoskeletal 
radiology. Equipment includes a 1.5-T Siemens 
MR, a Varian 4.7-T spectral imager for animal 
research, 2 GE 9800 Quick CT scanners, and 
Acuson and ATL ultrasound units. Equipment in 
nuclear medicine includes 4 single-headed 
SPECT tomographic cameras, the revolutionary 
Triad tomographic camera, and a dual-photon den- 
sitometer. Full research and clinical experience 
opportunities in MRI, CT, MSK tumors, rheuma- 
tologic disorders, sports medicine, and trauma are 
program highlights, as well as a strong affiliation 
with the National Institutes of Health. Send CV 
to Martha C. Nelson, M.D., Division Director, 
Musculoskeletal Radiology, Georgetown Univer- 
sity Hospital, 3800 Reservoir Rd., N.W., 
Washington, DC 20007. 12-2cp 


CLASSIFIED ADVERTISEMENTS 


INTERVENTIONAL/ANGIOGRAPHY/ADVANCED 
BODY IMAGING FELLOWSHIP IN SAN FRAN- 
CISCO AREA—Available July 1, 1988. One-yr fel- 
lowship program at 350-bed Stanford University- 
affiliated hospital and 2 private hospitals. Exten- 
sive clinical experience involving all aspects of in- 
terventional vascular and nonvascular procedures. 
Fellow will also participate in MRI scanning and 
CT scanning including 3-dimensional reconstruc- 
tion capability. Send inquiries and CV to Ira Fink, 
M.D., Valley Radiologists Medical Group, Inc., 
P.O. Box 2F, San Jose, CA 95109. 1-3c 


ADVANCED IMAGING FELLOWSHIP—A position 
is now available for a board-certified or board- 


eligible radiologist in a University of Rochester 


teaching-hospital complex. The fellowship empha- 
sizes in-depth exposure to CT, ultrasound, and 
MRI integrated with invasive procedure exposure. 
Additional positions will be available in January 
1988. Please respond to Steven G. Herbert, M.D., 
Director, Fellowship Program, Diagnostic Radi- 
ology Dept., The Genesee Hospital, 224 Alex- 
ander St., Rochester, NY 14607. 1-2c 


FELLOWSHIP, DEPT. OF RADIOLOGY—Cedars- 
Sinai Medical Center, a 1201-bed, acute-care, 
research, and teaching hospital affiliated with the 
UCLA School of Medicine, has an opening for a 
1-yr fellowship with emphasis on CT, ultrasound, 
MRI, and mammography available July 1, 1988; 
18 radiologists associated in practice in dept. with 
135 personnel. There are 104,880 inpatient and 
9120 outpatient radiologic exams per yr. Applicant 
must have completed an approved residency in 
diagnostic radiology, must be board eligible/ 
certified, and have a California state medical 
license by July 1, 1988. Send CV to N. Zheutlin, 
M.D., Dept. of Radiology, Cedars-Sinai Medical 
Center, 8700 Beverly Blvd., Los Angeles, CA 
90048. 12-2cp 


INTERVENTIONAL RADIOLOGY FELLOWSHIP— 
The Rush-Presbyterian-St. Luke's Medical 
Center is now offering a 1-yr fellowship position 
beginning July 1, 1988, in interventional radiology. 
This 750-bed teaching hospital offers extensive 
experience in all aspects of vascular and non- 
vascular procedures with a primary emphasis on 
patient care and clinical research. Send inquiries 
to Terence Matalon, M.D., Rush-Presbyterian- 
St. Luke’s Medical Center, Dept. of Radiology, 
1753 W. Congress Pkwy., Chicago, IL 60612. 11-2c 
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DEPT. OF RADIOLOGY, UNIVERSITY OF 
ROCHESTER MEDICAL CENTER—One-year 
fellowship positions available July 1, 1988, or 
July 1, 1989. Positions include neuroradiology, 
cardiovascular/angiography, ultrasound/CT/MRI, 
and pediatric radiology. Requirements include 
board eligibility or certification in diagnostic 
radiology and an accredited radiology residency. 
Candidates must be licensed or eligible to obtain 
a license to practice medicine in the state of New 
York. Apply by Dec. 1 of the year before the 
fellowship starting date. Contact Beverly P. Wood, 
M.D., Box 648, University of Rochester Medical 
Center, Rochester, NY 14642. University of 
Rochester is an affirmative action, equal oppor- 
tunity employer. 10-3c 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Available July 1, 1988. 
One-year fellowship program at a 750-bed teaching 
hospital. Extensive clinical experience involving 
all aspects of cardiovascular imaging, interven- 
tional vascular and nonvascular procedures, and 
availability for clinical or animal research. Send 
CV and inquiries to Oscar H. Gutierrez, M.D., 
Dept. of Radiology, Box 648, University of 
Rochester Medical Center, Rochester, NY 14642. 
EO/AA/M-F employer. 10-3c 


Tutorials/Courses 


AUSTRALIA-NEW ZEALAND—IMAGING DOWN 
UNDER, MARCH 12-27, 1988. International fac- 
ulty. Auckland, New Zealand, March 13-14; 
Sydney, Australia, March 18-20; and Melbourne, 
Australia, March 25-26. Information: Medical 
Seminars, 21915 Roscoe Blvd., Ste. 222, Canoga 
Park, CA 91304; (818) 719-7380. 9-2d 


Other 


ALASKA 88—CRUISE THE INLAND PASSAGE— 
Drs. George Kossoff and Marjorie McSweeney 
present topics in ultrasound and breast diagnosis. 
CME | accreditation application made. For 
registration and information contact 21915 Roscoe 
Blvd., #222, Canoga Park, CA 91304; (818) 
719-7380. 2-6d 


AJR Classified Advertisements Information 


Box Responses and Address for Ad Placement 
Write Box __, AJR, Suite 200, 2223 Avenida de la Playa, La Jolla, CA 92037; (619) 


459-2229. 


How to Place an Ad 


AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 


telephone. Institutions should supply purchase orders. 


Rates: $6.00/line with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 inser- 
tions: 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines. 6 weeks prior to issue date. For specific deadlines telephone the AJR 


editorial office. 


Estimating Ad Charges 
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Subtotal 


Discount applies to two or more insertions. Subtract 10% if ad 
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You learn from your experience with 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 

















f o Editor: Robert E. Campbell, M.D. 
A Biweekly Review of Clinical Radiologic Practice—26 issues a year! 








One of your toughest jobs is keeping up with the 
many new developments that affect radiology. 
That's why you want Contemporary Diagnostic 
Radiology ...an effective and 
convenient way to perfect your 
skills and maintain your profes- 
sional status. 


Contemporary Diagnostic Radi- 
ology is designed as a continuing 
education program thot lets you 
work at your own pace. Every two 
weeks you'll receive an issue that 


SS $ 


Contemporary Diagnostic Radiology works two 
ways. You may choose to subscribe to the non- 
scoring version, receiving every issue as an impor- 
tant element of your professional 
reading. The scoring version, how- 
ever, supplements your reading 
and computer-coded examina- 
tions with confidential result 
responses, making you eligible for 
Continuing Medical Education 
credits co-sponsored by the Uni- 
versity of Pennsylvania School 

of Medicine. 


covers a single topic or procedure } YT IOLOG 

in detail. Read the information and ; awe” roa “As an organization for continu- 
study the clearly reproduced radi- of aan ing medical education, the Uni- 
ographs—and then, if you choose, on 5 versity of Pennsylvania School of 


respond to a comprehensive 
examination in the strictest confi- 
dence. You set the pace. 

Each biweekly lesson brings you 
pertinent review of the basics in 
bone radiology... gastrointestinal 
radiology ... pediatric radiology... 
genitourinary radiology... MR 
imaging... and all of the topics 
you want to know more about. 


Medicine designates this contin- 
uing medical education activity 
as meeting the criteria for 1 
credit hour per bi-weekly issue in 
Category I for Educational 
Materials for the Physician’s 
Recognition Award of the Ameri- 
can Medical Association pro- 
vided it has been completed 
according fo instructions.” 


You can begin this ongoing program today. Contemporary Diagnostic Radiology 
is a year-round program, so you can join at any time. To begin your lessons, just fill 
out the enclosed card and return it to us. Or call FREE 1-800-638-6423 (except from 
Alaska). In Maryland call COLLECT 528-4105. You'll find that Contemporary Diag- 
nostic Radiology is the most efficient and inexpensive way to keep up with your 


dynamic field. 
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P.O. Box 23291 
Baltimore, Maryland 21203 
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266 Fulham Road 
London SW10 9EL England 


CONTEMPORARY DIAGNOSTIC RADIOLOGY 


O0 Yes! I want to keep pace in my field! Begin my 
26-issue subscription: 

O Send me the scoring version ($220) 

O Send me the non-scoring version ($180) 

O Send me the resident non-scoring version ($160) (add 
$45 for optional air mail delivery outside the U.S.) 

O new subscription 

O renewal 





name 





address 
city/state/zip 


payment options 
O payment enclosed 
O American Express 


O bill me 


O MasterCard O VISA 


printed in USA 


card # expiration date 


signature/P.O. # 


Maryland residents add 5% sales tax. Subscriptions outside the 
U.S. must be prepaid in U.S. dollars only. Rates subject to 
change without notice. Please allow 8 weeks for delivery of 
your first issue, up to 16 weeks for surface delivery outside the 
U.S. Optional airmail rates add $45 per subscription. 


Residents are eligible for the special in-training rate for up to 
three years. When requesting this rate, please include training 
status and institution. 


FS Don't forget: you can order with a FREE phone 
call at 1-800-638-6423 (except from Alaska). In 
Maryland, call collect 528-4105. 


Williams & Wilkins 
P.O. Box 23291 


Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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in today’s complex health care environment 


The Journal of 


MEDICAL PRACTICE 


MANAGEMENT 


Quarterly 


Editor: Marcel Frenkel, MD, MBA 





@ Find out what today’s issues mean for you 
and your practice 


Now more than ever, the practice of medicine 

is changing. You've seen the emergence of HMOs, 
IPAs, and PPOs...you've felt the impact of DRGs... 
increased competition...and more. Despite the 
advent of these alternate delivery systems, most 
experts firmly believe that private practice is here 
to stay. 


Now there's an intelligent, convenient way to 
make sure you're getting the important informa- 
tion on trends and issues in health care that will 
influence your practice of medicine this year... 
and five years down the road. And for far less than 
any consultant's hourly fee. With THE JOURNAL 
OF MEDICAL PRACTICE MANAGEMENT. 


@ Timely articles help you make far-sighted 
decisions 
Featuring articles ranging from the Financing 
of Long-Term Care to Joint Ventures in Medical 
Services to Medical Practice Where HMOs Domi- 
nate, THE JOURNAL OF MEDICAL PRACTICE 
MANAGEMENT helps you pinpoint what man- 
agement pitfalls to avoid, what economic forecasts 
to trust, which markets are targeted for growth, 
and so much more. In every quarterly issue you'll 
find departments covering: health care policy 
e marketing and organizational structure ® tax- 
ation, legislation and legal affairs ¢ office man- 
agement and computerization © manpower and 
education. 
You'll also find pertinent features like the Wash- 
ington Report, telling you what's brewing in the 
nation’s capital that affects you...Briefs, covering 





L] YES! 1 want to make the right decisions 
for my future. Please enter my subscription 
to THE JOURNAL OF MEDICAL PRACTICE 
MANAGEMENT (quarterly) 
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- Add $10 outside the U.S. 
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statistics, management, hospitals and taxation 
with timely, concise reports...Abstracts of health 
care management literature...plus profiles of 
for-profit and not-for-profit health care delivery 
systems. 


E Founded by a physician for physicians 
Headed by founder and editor Marcel Frenkel, MD, 
MBA, THE JOURNAL OF MEDICAL PRACTICE 
MANAGEMENT is the only journal of its kind 
edited by a physician for physicians. Its multi- 
disciplinary editorial board is made up of experts 
from the fields of public and private management, 
health care administration, economics, marketing, 
medical-legal affairs, and others. They are carefully 
chosen for their extensive knowledge of the man- 
agement aspects of practicing medicine. 


No-risk offer 

You've invested a lot of time, money, and 
hard work to get where you are today. If 
you'd like to see your practice thrive in 
today's complex health care environment... 
give THE JOURNAL OF MEDICAL PRAC- 
TICE MANAGEMENT a try. 


Just return the attached coupon, or call 
TOLL-FREE 1-800-638-6423, from anywhere 
in the U.S. except Alaska. In Maryland, call 
528-4105 collect. If ever disappointed in 
your issues of THE JOURNAL OF MEDICAL 
PRACTICE MANAGEMENT, you may cancel 
your subscription for a full refund on un- 
mailed issues...no questions asked. 
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Maryland, residents add 5% sales tax. Subscriptions outside 
the U.S. must be prepaid. All subscriptions must be paid in 
U.S. dollars. Please allow 8 weeks for delivery of your first 
issue, up to 16 weeks for surface delivery outside the U.S. 
Airmail rates available on request. 


Williams & Wilkins 

P.O. Box 23291 C Baltimore, Maryland 21203 

266 Fulham Road L] London SW10 9EL England 
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Need shelf space? 


Williams & Wilkins is your source for 
back issues of this journal in microform. 





Free Up 98% Of 
Your Shelf Space With 
Microform Conversion 





MICROFILM editions are available for this journal 

direct from the publisher. Many Williams & Wilkins 

journals as well as those journals distributed by the 

Publishing Services Division of Waverly Press, Inc. are also 

ee gi for a single volume year or on a standing order 
asis. 


FOR ORDERING INFORMATION: Write to the address below 
or call TOLL-FREE 1-800-638-6423. In Maryland call 
COLLECT 528-4105. 
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Journal Name 


Name 
Title 
Address 
City/State/Zip 





ee eS ee ee 
D m me m m m m m tt lll ‘a ad 


Mail to: Formats available: 


Williams & Wilkins è 16-mm reel 


Microform Sales e 16-mm cartridge 


(3M or Kodak 


Attention: Yvonne Hahn ) 
® positive or negative film 


428 East Preston Street Or 266 Fulham Road 
Baltimore, Maryland 21203 London SW10 9EL England 
MICROAD 50567 


Get the complete story 


on the new medical technologies 
and instrumentation of today...and 


tomorrow 


MEDICAL INSTRUMENTATION 





rest OF THE ASSOCIATIO JOURNAL OF THE ASSOCIATION FORTHE 
ADVANCEMENT OF N poet aed TATION 


INSTRUMENT AT ION 





The official journal of the Association for the Advancement of Medical Instrumentation 


Editor-in-Chief: 


If you are involved in the design, manufacturing, 
clinical application, specification, regulation, or 
administrative facets of medical device technology, 
make MEDICAL INSTRUMENTATION the first 
journal you reach for when you want the latest 
developments, innovations, and advances in this 
fast-paced field. 

Each bimonthly issue alerts you to trends and 
forecasts in the development, design, regulation, 
and clinical applications of medical instruments, 
devices, and systems. Original papers and timely 
articles help you keep pace with changes in the field 
that can have great effect on your work...new 
government standards and codes...new clinical 
uses...new approaches to enhancing quality, relia- 
bility, safety...key technologic breakthroughs 

..and more. 


Several special issues yearly are carefully planned 


around a single topic of current interest. Recent 


Charles A. Rawlings, Ph.D., C.C.E. 


and upcoming special issues include — 


e Environmental Therapeutic Devices for 
Infants 

e Lasers in Medicine 

e Neurologic Instrumentation and Techniques 

e Alternative Communication Devices 

e Respiratory Equipment 


MEDICAL INSTRUMENTATION 's coverage 
spans the disciplines, giving you a well-rounded 
perspective on trends in many areas — instrumen- 
tation for cardiovascular monitoring...clinical 
engineering...certification...instrumentation in 
anesthesiology. 

Keep pace with technology and subscribe to 
MEDICAL INSTRUMENTATION today! Just clip 
out the coupon below or call FREE 1-800-638-6423 
from anywhere in the U.S. (except Alaska), or call 
COLLECT in Maryland at 528-4105. 


Williams & Wilkins 


MEDICAL INSTRUMENTATION 


The official journal of the Association for the Advancement of 
Medical Instrumentation 


Keeping pace with the technologies of today... 
and tomorrow 
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up to 16 weeks. Airmail rates available on request. 


Mail to: 
Williams & Wilkins 
P.O. Box 23291 266 Fulham Road 
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Protect your copies of 


AJR: AMERICAN 
JOURNAL OF 
ROENTGENOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. Two Binders 
or two box style Files are all you need to accommodate 
a full year’s worth of issues. Both Binders and Files 
are handsomely made with rich black leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $9.95 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 
compact box Files are only $7.95 each; 3 for $21.95, or 6 
for $39.95. Add $1.00/unit postage and handling. 
(Outside the U.S. add $2.50/unit.) 


For charge orders call toll free 1-800-972-5858. ($15.00 
minimum). 


Free gold transfer slips included for indexing volume 
and year. 
Please allow four to five weeks for delivery. 
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relationship. If a patient had more than one type of reaction, each is counted 
separately under the respective reaction type 


D Lower incidence of EEG changes 
compared with iopamidol or metrizamide.*° 


D Excellent diagnostic quality. 
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OMNIPAQUE’ 


INJECTION (IOHEXOL) 
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PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium for intrathecal 
administration in concentrations of 180, 240, and 300 mgI/mL. Each milliliter of iohexol solution contains 1.21 mg 
tromethamine and 0.1 mg edelate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric 
acid or sodium hydroxide. All solutions are sterilized by autoclaving, are nonpyrogenic, and contain no 
preservatives, so unused portions should be discarded 


CONTRAINDICATIONS-Intrathecal: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. Myelography should not be performed in the presence of significant local or systemic 
infection where bacteremia is likely. Intrathecal administration of corticosteroids with OMNIPAQUE is contraindi- 
cated. Because of the possibility of overdosage, immediate repeat myelography in the event of technical failure is 
contraindicated 

WARNINGS-General: If grossly bloody CSF is encountered, the possible benefits of a myelographic procedure 
should be considered in terms of the risk to the patient. 

Caution is advised in patients with a history of epilepsy, severe cardiovascular disease, chronic alcoholism, or 
multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need for the procedure in these patients 
should be evaluated carefully. Special attention must be paid to dose and concentration of the medium used, 
hydration, and technique used 

Patients who are receiving anticonvulsants should be maintained on this therapy. Should a seizure occur, 
intravenous diazepam or phenobarbital sodium is recommended. In patients with a history of seizure activity who 
are not on anticonvulsant therapy, premedication with barbiturates should be considered. 

Prophylactic anticonvulsant treatment with barbiturates should be considered in patients with evidence of 
inadvertent intracranial entry of a large or concentrated bolus of the contrast medium, since there may be an 
increased risk of seizure in such cases 

Drugs that lower the seizure threshold, especially phenothiazine derivatives, including those used for their 
antihistamine or antinauseant properties, are not recommended for use with OMNIPAQUE. Others include MAO 
inhibitors, tricyclic antidepressants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. While the contributory role of these medications has not been established, 
the use of such drugs should be based on physician evaluation of potential benefits and potential risks. Physicians 
have discontinued these agents at least 48 hours before and for at least 24 hours postprocedure. Care is required 
in patient management to prevent inadvertent intracranial entry of a large dose or concentrated bolus of the 
medium. Also, effort should be directed to avoid rapid dispersion of the medium causing inadvertent rise in 
intracranial levels (eg, by active patient movement). Direct intracisternal or ventricular administration for standard 
radiography (not CT) is not recommended 

In most reported cases of major motor seizures with nonionic myelographic media, one or more of the following 
factors were present. Therefore avoid 
e Deviations from recommended procedure or in myelographic management 
e Use in patients with a history of epilepsy 
e Overdosage 
e Intracranial entry of a bolus or premature diffusion of a high concentration of the medium 
e Medication with neuroleptic drugs or phenothiazine antinauseants 
e Failure to maintain elevation of the head during the procedure, on the stretcher, or in bed 
e Excessive and particularly active patient movement or straining 
PRECAUTIONS—General: Diagnostic procedures that involve the use of radiopaque diagnostic agents should 
be carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for coping with any complication of 
the procedure, as well as for emergency treatment of reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency facilities should be available, since 
delayed reactions have been reported (see ADVERSE REACTIONS) 

Preparatory dehydration may be dangerous and may contribute to acute renal failure in patients with advanced 
vascular disease, diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal 
disease). Dehydration in these patients seems to be enhanced by the osmotic diuretic action of contrast agents. 
Patients should be well hydrated prior to and following iohexol administration 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid, or cardiovascular 
reactions, should always be considered (see ADVERSE REACTIONS). Therefore, it is of utmost importance that a 
course of action be carefully planned in advance for the immediate treatment of serious reactions, and that 
adequate and appropriate facilities and personnel he readily available in case of a severe reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS). The susceptible population includes patients with a history of a previous reaction to contrast media, 
patients with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies 

A thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
medium, may be more accurate than pretesting in predicting potential adverse reactions. 

A positive history of allergy or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential, bul caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids, to avoid or minimize possible allergic reactions in such 
patients, should be considered 

In patients with severe renal insufficiency or failure, compensatory biliary excretion of the drug is anticipated to 
occur, with a slow clearance into the bile. Patients with hepatorenal insufficiency should not be examined unless 
the possibility of benefit clearly outweighs the additional risk. Sterile technique must be used with any spinal 
puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn 
into the syringe and used immediately. If nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of cleansing agents. Parenteral drug products should be 
inspected and discarded if particulate matter or discoloration is present. 

Repeat Procedures. If in the clinical judgment of the physician sequential or repeat examinations are required, a 
suitable interval of time between administrations should be observed to allow for normal clearance of the drug 
from the body 
Information for Patients: When receiving injectable radiopaque diagnostic agents, inform your physician: 

lf you are pregnant; if you are diabetic; if you have multiple myeloma, pheochromocytoma, homozygous sickle 

cell disease, or known thyroid disorder; if you are allergic to any drugs or food or if you had any reactions to 

previous injections of dyes used for x-ray procedures; about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug 
Drug Interactions (See WARNINGS-General): In nonelective procedures in patients on the drugs described, 
consider prophylactic use of anticonvulsants 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been pertormed 


OMNIPAQUE® injection (iohexo!) 


Nursing Mothers: It is not known to what extent iohexol is excreted in human milk However, many injectable 
contrast agents are excreted unchanged in human milk. Although it has not been established that serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are 
administered to nurang women. Bottle feedings may be substituted for breast feedings for 24 hours following 
administration of OMNIPAQUE 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS-Intrathecal: The most frequently reported adverse reactions with OMNIPAQUE 180. 
OMNIPAQUE 240, and OMNIPAQUE 300 are headache, mild to moderate pain including backache, neck ache and 
stiffness, nausea and vomiting. These reactions usually occur 1 to 10 hours after injection, and almost all occur 
within 24 hours. They are usually mild to moderate in degree, lasting for a few hours and usually disappearing 
within 24 hours. Rarely, headaches may be severe or persist for days. Headache is often accompanied by nausea 
and vomiting and tends to be more frequent and persistent in patients not optimally hydrated. Transient alterations 
in vital signs may occur and their significance must be assessed on an individual basis. Those reactions reported 
in clinical studies with OMNIPAQUE are listed below in decreasing order of occurrence, based on clinical studies 
of 1,624 patients 

Headaches: The most frequently occurring adverse reaction following myelography has been headache, with an 
incidence of approximately 18%. Headaches may be caused either by a direct effect of the contrast medium or by 
CSF leakage al the dural puncture site. However, in managing the patient, it is considered more important to 
minimize intracranial entry of contrast medium by postural management than to attempt to control possible CSF 
leakage (see PATIENT MANAGEMENT) 

Pain: Mild to moderate pain Leena backache, neck ache and stiffness, and neuralgia occurred following 
injection, with an incidence of about 8% 

Nausea and Vomiting: Nausea was reported with an incidence of about 6%, and vomiting about 3% (see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of phenothiazine antinauseants is not 
recommended (see WARNINGS—General). Reassurance to the patient that the nausea will clear usually is all that is 
required 

Dizziness. Transient dizziness was reported in about 2% of the patients. 

Other Reactions: Other reactions occurring with an individual incidence of less than 0.1% included: feeling of 
heaviness, hypotension, hypertonia, sensation of heat, sagt vertigo, loss of appetite, drowsiness, 
hypertension, photophobia, tinnitus, neuralgia, paresthesia, difficulty in micturition, and neurological changes. All 
were transient and mild with no clinical sequelae 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse effects 
in addition to those discussed above, particularly the following reactions which have been reported in the literature 
for other nonionic, water-soluble myelographic media and rarely with iohexol. These have included, bul are not 
limited to, aseptic and bacterial meningitis and CNS and other neurologic disturbances 

An aseptic meningitis syndrome has been reported debi (less than 0.01%). It was usually preceded by 

ronounced headaches, nausea, and vomiting. Onset usually occurred about 12 to 18 hours postprocedure 
rominent features were meningismus and fever, sometimes with oculomotor signs and mental confusion. Lumbar 
puncture revealed a high white cell count and high protein content, often with a low glucose level and absence of 
organisms. The condition usually started to clear spontaneously about 10 hours after onset, with complete 
recovery over 2 to 3 days. 
Allergy or Idiosyncrasy: Chills, tever, profuse diaphoresis, pruritus, urticaria, nasal congestion, dyspnea, and 
Guillain-Barré syndrome. 
CNS Irritation: Mild and transitory perceptual aberrations, such as hallucinations, depersonalization, amnesia, 
hostility, amblyopia, diplopia, photophobia, psychosis, insomnia, anxiety, depression, hyperesthesia, visual or 
auditory or speech disturbances, confusion and disorientation. In addition, malaise, weakness, EEG i 
meningismus, hyperreflexia or areflexia, hypertonia or flaccidity, hemiplegia, paralysis, quadriplegia, restlessness, 
tremor, echoacousia, echolalia, asterixis, and dysphasia have occurred. 

Profound mental disturbances have also rarely been reported: various forms and degrees of aphasia, mental 
confusion, or disorientation. Onset is usually at 8 to 10 hours and lasts for about 24 hours en they have 
been manifest as apprehension, agitation, or progressive withdrawal in several instances to the point o 
somnolence, stupor, and coma. In a few cases, these have been accompanied by transitory hearing loss or other 
auditory symptoms and visual disturbances (believed subjective or delusional), including unilateral or bilateral 
loss of vision, which may last for hours. In one case, persistent cortical loss of vision has been reported in 
association with convulsions. Ventricular block has been reported; amnesia of varying degrees may be present for 
the reaction event 

Rarely, persistent though transitory weakness in the leg or ocular muscles has been reported. Peripheral 
neuropathies have been rare and transitory. They include sensory and/or motor or nerve root disturbance, 
myelitis, persistent leg muscle pain or weakness, 6th nerve palsy, or cauda equina syndrome. Muscle cramps, 
fasciculation or myoclonia, spinal convulsion, or spasticity are unusual and have responded promptly to a small 
intravenous dose of diazepam 

In general, the reactions that are known to occur on parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of water-soluble 
contrast agents are mild to moderate in degree. However, severe, life-threatening, anaphylactoid, and fatal 
reactions, mostly of cardiovascular origin, have occurred. Adverse reactions to injectable contrast media fall into 
two categories: chemotoxic reactions and idiosyncratic reactions 
Chemotoxic reactions result from the physicochemical properties of the contrast medium, the amount of the dose 
and the speed of injection. All hemodynamic disturbances and injuries to organs or vessels perfused by the 
contrast medium are included in this category. 

Idiosyncratic reactions occur more frequently in patients 20 to 40 years old and may or may not be dependent on 
the amount of dose injected, the speed of injection, and the radiographic procedure. They are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration: the severe reactions 
are life-threatening, and treatment is urgent and mandatory 

The reported incidence of adverse reactions to the contrast medium in patients with a history of allergy is twice 
that of the general population. Patients with a history of previous reactions to a contrast medium are three times 
more susceptible than other patients. However, sensitivity to contrast media does not appear to increase with 
repeated examination. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur 
OVERDOSAGE: Although clinical consequences of overdosage with OMNIPAQUE have not been reported, 
physicians should be aware that incorrect management of the patient can permit inacvertent early intracranial entry 
of normal doses of the medium, thereby increasing CNS reactions 
_ The intracisternal LD<g value of OMNIPAQUE (in grams of iodine per kilogram body weight) is greater than 2 0 
in mice 
References: 1. Kieffer SA, Binet EF Davis DO, et al: Lumbar myelography with iohexol and metrizamide: 

A comparative multicenter prospective study. Radiology 1984; 151:665-670. 2. Shaw DD, Bach-Gansmo T, 
Dahlstrom K: lohexol: summary of North American and European clinical trials in adult lumbar, thoracic, and 
cervical myelography with a new nonionic contrast medium. /nvest Radiol 1985; 20(supp! 1):44-50. 3. Latchaw RE. 
Hirsch WL Jr, Horton JA, et al: lohexol vs metrizamide: Study of efficacy and morbidity in cervical myelography 
AJNR 1985; 6:931-933. 4. Data on file, Winthrop Pharmaceuticals. 5. Lamb JT: lohexol vs. iopamidol for 
myelography. /nvest Radiol 1985; 20(suppl 1):37-43. 
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to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE; there are, however, no studies in pregnant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be used during pregnancy only if clearly indicated. 
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‘Accepting less is a waste of time and effort. It 
could also result in poor patient care. 


Fuji - committed 
to consistency. 
m Fuji has the world’s most automated X-ray film factory. 
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m Fuji’s commitment to research has produced exclusive 
technologies such as non-contact, helical emulsion 


FUJI QUALITY. T drying and other developments which have raised the 
UNCOMMONLY standards for consistent emulsion performance to a new 
plateau. 
CONSISTENT. 


= These elements offer the assurance that no manufacturer 
provides more consistent medical X-ray films than Fuji. 


See for yourself the difference between “consistent” 
and “UNCOMMONLY CONSISTENT.” Call your local Fuji 
representative, or toll free, 1-800-431-1850. 
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GOLYTELY 


(PEG Electrolyte for Gastrointestinal Lavage Solution) 


Excellent results in 4 hours ... clinical studies have shown that 
GoLYTELY is equal in efficacy to a rigorous one- to two-day prep for 
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Patients prefer GoLYTELY because it’s a more conven- 
ient routine to follow at home and it’s usually well tolerated, 
even by older patients.? And since it’s premeasured—just 
make up to volume in its own container with tap water— 
GoLYTELY guards against incorrect or inadequate usage. 


Professionals prefer GoOLYTELY because it can keep 
more patients ambulatory longer. For hospitalized patients, 
GoLYTELY can reduce length of stay because the prep 
takes less time. 


With a clean bowel, repeat exams are less frequent— 

a plus under DRGs. Prescribed volumes of GoLYTELY 
solution can be given without significant change in water or 
electrolyte balance. 


BRIEF SUMMARY: Before prescribing, see package insert or PDR. 


INDICATIONS AND USAGE: GoLYTELY is indicated for Dowel cleansing prior to 
colonoscopy and barium enema x-ray examination. 


CONTRAINDICATIONS: GoLYTELY is contraindicated in patients with gastrointestinal 
obstruction, gastric retention, bowel perforation, toxic colitis, or toxic megacolon. 


WARNINGS: No additional ingredients—eg, flavorings—should be added to the solution. 
GoLYTELY should be used with caution in patients with severe ulcerative colitis. 


PRECAUTIONS: General: Patients with impaired gag reflex, unconscious or semiconscious 
patients, and patients prone to regurgitation or aspiration should be observed during the 
administration of GoLYTELY, especially if it is administered via nasogastric tube. If a patient 
experiences severe bloating, distention, or abdominal pain, administration should be slowed 
or discontinued temporarily until the symptoms abate. If gastrointestinal obstruction or 
perforation is suspected, appropriate studies should be performed to rule out these 
conditions before administration of GoLYTELY. 


ADVERSE REACTIONS: Nausea, abdominal fullness, and 
bloating are the most common adverse reactions (occurring in 
up to 50% of patients) to administration of GoLYTELY. 
Abdominal cramps, vomiting, and anal irritation occur less 
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transient. Patients with impaired gag reflex who are prone 
to regurgitation or aspiration should be observed during 
the administration of GoLYTELY. If obstruction or perfora- 
tion is suspected, appropriate studies should be performed 
to rule out these contraindications. GoLYTELY is also con- 
traindicated in patients with gastric retention, toxic colitis, 
or toxic megacolon. 


*Complimentary tablets of bisacodyl, USP, are attached to the 
patient pamphlet Bowel Preparation Before Your Barium 
Enema. A supply is available to professionals by writing Braintree 
Laboratories at the address below. 


frequently. These adverse reactions are transient and subside 
rapidly. Isolated cases of urticaria, rhinorrhea, and dermatitis 
—which may represent allergic reactions—have been 
reported. 


CAUTION: Federal law prohibits dispensing without 
prescription. 


STORAGE: Store in sealed container at 59°-86°F When 
reconstituted, keep solution refrigerated. Use within 48 hours. 
Discard unused portion. 

(NDC 52268-0100-01). Revised 10/1/86 
Made by Lyne Laboratories, Stoughion, MA 02072, for 
BRAINTREE LABORATORIES, INC., PO. Box 361, Braintree, 
MA 02184. 


References: 1. Ernstoff JJ, et al: Gastroenterology 1983; 
84:1512-1516. 2. Girard CM, et al: AUR 1984; 142:1147-1149 
3. DiPalma JA, et al: Am J Gastroenterol 1986; 81:652-655 





s = ng” Fy e 
Tete. ER 
A H — 


LY is generally well tolerated and side effects are 2 













AE Fez.) 
f 


Drs 


AJR Guidelines for Authors 


Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 200 
La Jolla, CA 92037-3218 Telephone: (619) 459-2229 

Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
addressed to the publisher: 

The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: (301) 528-4133 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusetts General Hospital, Boston, MA 02114. At the dis- 
cretion of the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJR will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. All accepted manuscripts are subject to editing. State- 
ments made in the article, including changes made by the 
Editor or manuscript editor, are the responsibility of the author 
and not of the AJA or its publisher. Authors will be sent the 
edited manuscript, galley proof, and proofs of illustrations. If 
the corresponding author will be unavailable to review galleys, 
arrangements should be made for a coauthor or colleague to 
read and return the proof. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion, including relevant background information. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 
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AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

lf appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A5.) 

The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 

The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress and phone number are given. 

Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 


An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 


References _________ Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


_________ References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 
All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 
Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 


This includes papers submitted, but not yet accepted, for Figures and Legends 


publication. 
Inclusive page numbers (e.g., 333-335) are given _______ Two complete sets of original figures are submitted 
for all references. unmounted in labeled envelopes. 
Journal names are abbreviated according to /ndex _________ Figures are clean, unscratched, 5 x 7 in. (13 x 18 
Medicus. cm) glossy prints with white borders. A separate print is 
Style and punctuation of references follow the for- submitted for each figure part. 
mat illustrated in the following examples (all authors are listed ________ All figure parts relating to one patient are in one 
when six or less; when seven or more authors, the first three figure. 
are listed, followed by “et al.”): ______ Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
Journal article figures, labeling is done on a gummed label, which is then 


1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic affixed to the back of the print. Never use labels on color 
appearance. AJR 1986;146: 1257-1260 a i i 
id figures, but write figure number on the back lightly in pencil. 


signa ste EANAN aia AINES Never use ink on front or back of any figures. 
. Smit , Cohen AR. Pathology of tumors, 6t . Baltimore: Williams ' - 
Wilkins, 1977:100-109 Author's names are not written on the backs of 


figures. 

Chapter in a book 

3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone l Only removable (rub-on) arrows and letters are used 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 on the figures. Symbols are uniform in size and style and are 
Paper presented at a meeting not broken or cracked. a a 

4. Lau FS, Kirk AN, Beck RA. MR imaging of the spine. Presented at the _______ Images are uniform in size and magnification. 
annual meeting of the American Roentgen Ray Society, Washington, DC, April Line drawings are done in black ink on a white 
ne background. They are professional in quality, and all use the 
Tábiós same size type. (Only glossy prints are acceptable.) 


Written permission has been obtained for use of all 
Each table is typed double-spaced on a separate previously published illustrations (and copies of permission 


page without vertical or horizontal rules; each has a short, letters are included), and an appropriate credit line is given in 

descriptive title. Tables do not exceed two pages in length the legends. 

and contain at least four lines of data. _________ Legends are typed double-spaced, and figure num- 
Tables are numbered in the order in which they are bers correspond with the order in which the figures are cited 

cited in the text. in the text. 





Transfer of Copyright Agreement, Exclusive Publication Statement, and Conflict of Interest Acknowledgment 
Complete copyright to the article entitled: 


is hereby transferred to the American Roentgen Ray Society (for United States government employees to the extent transferable), effective if and when the article 
is accepted for publication in the American Journal of Roentgenology. In the case of the authors who are officers or employees of the United States government, 
the American Roentgen Ray Society recognizes that works prepared by officers or employees of the United States government as part of their official government 
duties are in the public domain. 

Authors reserve all proprietary rights other than copyright, such as patent rights and the right to use all or part of this article in future works of their own. The 
authors retain the right of replication, subject only to crediting the original source of publication and receiving written permission from the publisher. 

Authors guarantee that this manuscript contains no matter that is libelous or otherwise unlawful, invades individual privacy, or infringes any proprietary rights. 

Authors understand that they will receive no royalty or other compensation from the American Roentgen Ray Society or the publisher. 

Authors guarantee that the editor has been or will be informed of any proprietary or commercial interest or conflicts of interest the authors may have that relate 
directly or indirectly to the subject of this article. 

Finally, the authors certify that none of the material in this manuscript has been published previously or is currently under consideration for publication elsewhere. 





First author/date Second author Third author 





Fourth author Fifth author Sixth author 


This agreement must be signed by all authors in order for the manuscript to be published. 


A4 


Case Reports 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (Similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
_ shortened accordingly. Legends must not repeat the text. 
Tables and Acknowledgments. Not appropriate in case 
_ reports. 



























Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. No abstract is necessary. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 








Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 


may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 










Technical Notes 





A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 



































Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Sig- 
nature and affiliation should appear at the end of the letter. 
Titles for letters should be short and pertinent. The title for 
a reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. | 














Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 





All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 
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Kodak processors set the standards for reliability 
and dependability —and support—in departments 
of every size in medical facilities everywhere. 


Kodak developed the roller transport film processor, and 
the rest of the world has been playing catch-up ever 
since. Kodak X-Omat processors are known for reliability, 
dependability, and consistency. And for support: Kodak 
representatives and service people stand behind every 
one. The line now includes the M35A for the smallest 
operations. Plus the M8 and M6B for the largest, and the 
M7B for anything in between. 

If you don’t yet have the speed and 
sae = consistency of automation, or 
p—s if you don't have the reliability 
| and backup of Kodak, talk to 
1 your Kodak representative. 
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In radiologic contrast procedures 


ILOVE / ISOWVEE 


lopamidol injection 


THE CLEAR CHOICE 





A broad range 
of indications 


Peripheral arteriography 

Coronary arteriography and 
ventriculography 

IVP (excretory urography} 

Myelography (lumbar, thoracic, 
cervical, total columnar} 

Cerebral arteriography 

CT head and body imaging 

CT cisternography and 
ventriculography 

Visceral arteriography (selective) 

Aortography 

IA-DSA 

Peripheral venography 
(phlebography) 





The only nonionic contrast agents you need to stock 


(m) SQUIBB 


CIRCLE 14 ON READER SERVICE CARD 


Please see brief summary of prescribing information on adjacent pages. 
This product is under license from Bracco Industria Chimica, S.p.A. U.S. Patent #4,001,323 


© 1988 E.R. Squibb & Sons, Inc., Princeton, NJ 647-508 Issued: January 1988 


ISOVUE"-128 (lopamidol Injection 26%) 
ISOVUE"-200 (lopamidol Injection 41%) 
ISOVUE"-300 (lopamidol Injection 61%) 
ISOVUE"-370 (lopamidol Injection 76%) 
ISOVUE-M* 200 (lopamidol Injection 41%) 
ISOVUE-M" 300 (lopamidol Injection 61%) 


INDICATIONS AND USAGE 


ISOVUE (lopamidol Injection) is indicated for intra-arterial digital subtraction angiography 
(DSA) of the cerebral and abdominal vasculature and for angiography throughout the cardio- 
vascular system, including cerebral and peripheral arteriography, coronary arteriography and 
ventriculography, selective visceral arteriography and aortography, peripheral venography 
(phlebography), and intravenous excretory urography and intravenous contrast enhancement 
of computed tomographic (CECT) head and body imaging. 

ISOVUE-M (lopamidol Injection) is indicated for intrathecal administration in neuroradiology 
including myelography (lumbar, thoracic, cervical, totalcolumnar),andforcontrastenhancement 
of computed tomographic (CECT) cisternography and ventriculography. 


CONTRAINDICATIONS 
ISOVUE (lopamidol Injection) 
None. 


ISOVUE-M (lopamidol Injection) 

Intrathecal administration of corticosteroids with iopamido! is contraindicated. Because of 
overdosage considerations, immediate repeat myelography in the event of technical failure is 
contraindicated (see interval recommendation under DOSAGE AND ADMINISTRATION). Mye- 
lography should not be performed in the presence of significant local or systemic infection 
where bacteremia is likely. 

WARNINGS 
ISOVUE-M (lopamidol Injection) 

The need for myelographic examination should be carefully evaluated. lopamidol should be 
administered with caution in patients with increased intracranial pressure or suspicion of 
intracranial tumor, abscess or hematoma, those with a history of convulsive disorder, severe 
cardiovascular disease, chronic alcoholism, or multiple sclerosis, and elderly patients. Partic- 
ular attention must be given to state of hydration, concentration of medium, dose, and tech- 
nique used in these patients. 

If frankly bloody cerebrospinal fluid is observed, the possible benefits of a myelographic 
examination should be considered in terms of risk to the patient. 

Patients on anticonvulsant medication should be maintained on this therapy. 

Direct intracisternal or ventricular administration for standard radiography (without comput- 
erized tomographic enhancement) is not recommended. Inadvertent intracranial entry of a 
large or concentrated bolus of the contrast medium, which increases the risk of neurotoxicity 
can be prevented by careful patient management. Also, effort should be directed to avoid rapic 
dispersion of the medium causing inadvertent rise to intracranial levels (e.g., by active patient 
movement). If such intracranial entry of the medium occurs, prophylactic anticonvulsant treat- 
ment with diazepam or barbiturates orally for 24 to 48 hours should be considered. 

Use of medications that may lower the seizure threshold (phenothiazine derivatives, includinc 
those used for their antihistaminic properties; tricyclic antidepressants; MAO inhibitors; CNS 
stimulants; analeptics; antipsychotic agents) should be carefully evaluated. While the contribu- 
tory role of such medications has not been established, some physicians have discontinuec 
these agents at least 48 hours before and for at least 24 hours following intrathecal use. 

Focal and generalized motor seizures have been reported after intrathecal use of water- 
soluble contrast agents including iopamidol. In several of those cases reported with iopamidol. 
higher than recommended doses were employed. Therefore avoid: 


@ Deviations from recommended neuroradiologic procedure or patient management. 

® Use in patients with a history of epilepsy unless medically justified. 

@ Overdosage. 

® Intracranial entry of a bolus or premature diffusion of a high concentration of the medium. 
@ Failure to maintain elevation of the head during the procedure, on the stretcher, and in bed. 
@ Excessive and particularly active patient movement or straining. 

ISOVUE (lopamidol Injection) 

Caution must be exercised in patients with severely impaired renal function, those with com- 
bined renal and hepatic disease, or anuria particularly when larger doses are administered. 

Radiopaque diagnostic contrast agents are potentially hazardous in patients with multiple 
myeloma or other paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither the contrast agent 
nor dehydration has been proved separately to be the cause of anuria in myelomatous patients, 
ithas been speculated that the combination of both may be causative. The risk in myelomatous 
patients is not a contraindication; however, special precautions are required. 

Contrast media may promote sickling in individuals who are homozygous for sickle cell dis- 
ease when injected intravenously or intraarterially. 

Administration of radiopaque materials to patients known or suspected of having pheo- 
chromocytoma should be performed with extreme caution. If, in the opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures may 
be performed; however, the amount of radiopaque medium injected should be kept to an abso- 
lute minimum. The blood pressure should be assessed throughout the procedure and mea- 
sures for treatment of a hypertensive crisis should be available. These patients should be 
monitored very closely during contrast-enhanced procedures. 

Reports of thyroid storm following the use of iodinated radiopaque diagnostic agents in 
patients with hyperthyroidism or with an autonomously functioning thyroid nodule suggest that 
this additional risk be evaluated in such patients before use of any contrast medium. 


PRECAUTIONS 
General 


Diagnostic procedures which involve the use of any radiopaque agent should be carried out 
under the direction of personnel with the prerequisite training and with a thorough knowledge 
of the particular procedure to be performed. Appropriate facilities should be available for cop- 
ing with any complication of the procedure, as well as for emergency treatment of severe 
reaction to the contrast agent itself. After parenteral administration of a radiopaque agen:, 
competent personnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients 
with advanced vascular disease, diabetic patients, and in susceptible nondiabetic patients 
(often elderly with preexisting renal disease). Patients should be well hydrated prior to and 
following iopamidol administration. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardio- 
vascular reactions, should always be considered (see ADVERSE REACTIONS). Patients at in- 
creased risk include those with a history of a previous reaction to a contrast medium, patients 
with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity 
(bronchial asthma, hay fever, and food allergies). The occurrence of severe idiosyncratic reac- 
tions has prompted the use of several pretesting methods. However, pretesting cannot be relied 
upon to predict severe reactions and may itself be hazardous for the patient. It is suggested that 
a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection 
of any contrast medium, may be more accurate than pretesting in predicting potential adverse 
reactions. A positive history of allergies or hypersensitivity Goes not arbitrarily contraindicate 
the use of a contrast agent where a diagnostic procedure is thought essential, but caution 
should be exercised. Premedication with antihistamines or corticosteroids to avoid or minimize 


possible allergic reactions in such patients should be considered (see CONTRAINDICATIONS). 
Reports indicate that such pretreatment does not prevent serious life-threatening reactions, 
but may reduce both their incidence and severity. 

General anesthesia may be indicated in the performance of some procedures in selected 
patients; however, a higher incidence of adverse reactions has been reported with radiopaque 
media in anesthetized patients, which may be attributable to the inability of the patient to iden- 
tify untoward symptoms, or to the hypotensive effect of anesthesia which can reduce cardiac 
output and increase the duration of exposure to the contrast agent. 

Even though the osmolality of iopamidol is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in the circu- 
latory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforat- 
ing the vessel wall should be borne in mind during catheter manipulations and contrast 
medium injection. Test injections to ensure proper catheter placement are suggested. Follow- 
ing arteriographic procedures, gentle pressure hemostasis is required, followed by observa- 
tion and immobilization of the limb for several hours to prevent hemorrhage from the site of 
arterial puncture. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than ionic contrast media at comparable concentrations. For this 
reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast in syringes and 
catheters should be avoided. 

Selective coronary arteriography should be performed only in selected patients and those 
in whom the expected benefits outweigh the procedural risk. The inherent risks of angio- 
cardiography in patients with chronic pulmonary emphysema must be weighed against the 
necessity for performing this procedure. Angiography should be avoided whenever possible 
in patients with homocystinuria, because of the risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required when 
venography is performed in patients with suspected thrombosis, phlebitis, severe ischemic dis- 
ease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to avoid extravasation and 
fluoroscopy is recommended. This is especially important in patients with severe arterial or 
venous disease. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Information For Patients 

Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, 
homozygous sickle cell disease, or known thyroid disorder (see WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food, or if you had any reactions to 
previous injections of substances used for x-ray procedures (see PRECAUTIONS, General). 

4. Inform your physician about any other medications you are currently taking, including 
nonprescription drugs, before you have this procedure. 


Drug Interactions 

Renal toxicity has been reported in a few patients with liver dysfunction who were given oral 

cholecystographic agents followed by intravascular contrast agents. Administration of 

intravascular agents should therefore be postponed in any patient with a known or suspected 

hepatic or biliary disorder who has recently received a cholecystographic contrast agent. 
Other drugs should not be admixed with iopamidol. 


Drug/Laboratory Test Interactions 
The results of PBI and radioactive iodine uptake studies, which depend on iodine estimations, 
will not accurately reflect thyroid function for up to 16 days following administration of iodinated 
contrast media. However, thyroid function tests not depending on iodine estimations, e.g., T3 
resin uptake and total or free thyroxine (T4) assays are not affected. 

Any test which might be affected by contrast media should be performed prior to administra- 
tion of the contrast medium. 


Laboratory Test Findings 

In vitro studies with animal blood showed that many radiopaque contrast agents, including 
iopamidol, produced a slight depression of plasma coagulation factors including prothrombin 
time, partial thromboplastin time, and fibrinogen, as well as a slight tendency to cause platelet 
and/or red blood cell aggregation (see PRECAUTIONS, General). 

Transitory changes may occur in red cell and leucocyte counts, serum calcium, serum creat- 
inine, serum glutamic oxalacetic transaminase (SGOT), and uric acid in urine; transient albu- 
minuria may occur. 

These findings have not been associated with clinical manifestations. 


Carcinogenesis, Mutagenesis, Impairment Of Fertility 
In animal reproduction studies performed on rats, intravenously administered iopamidol did 
not induce adverse effects on fertility or general reproductive performance. 

In studies to determine mutagenic activity, iopamidol did not cause any increase in 
mutation rates. 


Pregnancy Category B 
No teratogenic effects attributable to iopamidol have been observed in teratology studies 
performed in animals. There are, however, no adequate and well controlled studies in pregnant 
women. It is not known whether iopamidol crosses the placental barrier or reaches fetal tis- 
sues. However, many injectable contrast agents cross the placental barrier in humans and 
appear to enter fetal tissues passively. Because animal teratology studies are not always pre- 
dictive of human response, this drug should be used during pregnancy only if clearly needed. 
Radiologic procedures involve a certain risk related to the exposure of the fetus to ioniz- 
ing radiation. 
Labor and Delivery 
It is not Known whether use of contrast agents during labor or delivery has immediate or 
delayed adverse effects on the fetus, prolongs the duration of labor or increases the likeli- 
hood that forceps delivery or other obstetrical intervention or resuscitation of the newborn 
will be necessary. 


Nursing Mothers 

It is not known whether iopamidol is excreted in human milk. However, many injectable contrast 
agents are excreted unchanged in human milk. Although it has not been established that seri- 
ous adverse reactions occur in nursing infants, caution should be exercised when intravascular 
contrast media are administered to nursing women because of potential adverse reactions, 
and consideration should be given to temporarily discontinuing nursing. 

Pediatric Use 

Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

ISOVUE (lopamidol Injection) 

Adverse reactions following the use of iopamidol are usually mild to moderate, self-limited, 
and transient. 

In a Clinical trial with 100 patients undergoing intra-arterial DSA, adverse reactions possibly 
attributed to ISOVUE-128 administration were nausea (2%), headache (1%) and vomiting (1%). 
One patient with preexisting renal impairment and severe bilateral renal vascular disease ex- 
perienced renal failure, possibly secondary to a subsequent acute episode of congestive heart 
failure and/or drug administration (see Warnings). 


In angiocardiography (597 patients), the adverse reactions with an estimated incidence of 
one percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 
1.3%; hypotension 1.0%; hives 1.0%. 

Intravascular injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral arteriography and venography; pain and warmth are less fre- 
quent and less severe with ISOVUE (lopamidol Injection) than with diatrizoate meglumine and 
diatrizoate sodium injection. 

The following table of incidence of reactions is based on clinical studies with ISOVUE in 
about 1941 patients. 


Adverse Reactions 


Estimated Overall Incidence 
System > 1% < 1% 


Cardiovascular none tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 
vasovagal reaction 
tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 
dyspnea 
pulmonary edema 
Skin and Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 
back spasm 

taste alterations 
nasal congestion 
visual disturbances 
Urogenital none urinary retention 


Regardless of the contrast agent employed, the overall estimated incidence of serious ad- 
verse reactions is higher with coronary arteriography than with other procedures. Cardiac de- 
compensation, serious arrhythmias, or myocardial ischemia or infarction may occur during 
coronary arteriography and left ventriculography. Following coronary and ventricular injections, 
certain electrocardiographic changes (increased QTc, increased R-R, T-wave amplitude) and 
certain hemodynamic changes (decreased systolic pressure) occurred less frequently with 
ISOVUE (lopamidol Injection) than with diatrizoate meglumine and diatrizoate sodium injec- 
tion; increased LVEDP occurred less frequently after ventricular iopamidol injections. 

In aortography, the risks of procedures also include injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubular necrosis with 
oliguria and anuria, accidental selective filling of the right renal artery during the translumbar 
procedure in the presence of preexisting renal disease, retroperitoneal hemorrhage from the 
translumber approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. 

Adverse effects reported in clinical literature for iopamidol include arrhythmia, arterial spasms, 
hematuria, periorbital edema, involuntary leg movement, malaise, and triggering of deglutition; 
some of these may occur as a consequence of the procedure. Other reactions may also occur 
with the use of any contrast agent as a consequence of the procedural hazard; these include 
hemorrhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal chem- 
istry tests. Arterial thrombosis, displacement of arterial plaques, venous thrombosis, dissec- 
tion of the coronary vessels and transient sinus arrest are rare complications. 

ISOVUE-M (lopamidol Injection) 

The most frequently reported adverse reactions following intrathecal administration of iopamidol 
are headache, nausea, vomiting and musculoskeletal pain. These reactions usually occur 1 to 
10 hours after injection, almost all occurring within 24 hours. They are usually mild to moderate 
in degree lasting for a few hours and usually disappearing within 24 hours. Rarely, headaches 
may be severe or persist for days. Headache is often accompanied by nausea and vomiting, 
and tends to be more frequent and persistent in patients not optimally hydrated. 

Backache, neck stiffness, numbness and paresthesias, leg or sciatic-type pain occurred 
less frequently, often in the form of a transient exacerbation of preexisting symptomatology. 
Transient alterations in vital signs may occur and their significance must be assessed on an 
individual basis. 

The following table of incidence of reactions is based on clinical studies with ISOVUE-M 
(lopamidol Injection) in about 615 patients. 


Nervous pain (2.8%) 


burning sensation (1.4%) 


Digestive nausea (1.2%) 


Respiratory none 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%) 


Adverse Reactions 
Estimated Overall Incidence 
System > 1% < 1% 
Bocy as a Whole headache (18.1%) pyrexia 
muscle weakness 
hot flashes 
malaise 
fatigue 
weakness 
Digestive nausea (7.3%) diarrhea 
vomiting (3.7%) heartburn 
Musculoskeletal back pain (2.3%) leg cramps 
leg pain (1.4%) sciatica 
neck pain (1.1%) cervicobrachial irritation 
meningeal irritation 
radicular irritation, 
lumbosacral 
other musculoskeletal pain 
involuntary movement 
burning sensation 
Cardiovascular hypotension (1.1%) tachycardia 
hypertension 
chest pain 


Adverse Reactions (con't) 
Estimated Overall Incidence 
System > 1% < 1% 
Nervous none emotional stress 
dizziness 
paresthesia 
confusion 
hallucinations 
lightheadedness 
syncope 
numbness 
cold extremities 
Urogenital none urinary retention 
Respiratory none dyspnea 
Skin and Appendages none rash 
Miscellaneous none injection site pain 


Other adverse effects reported in clinical literature for iopamidol include facial neuralgia, 
tinnitus, and sweating. 

Major motor seizures have been reported in the clinical literature and since market introduc- 
tion in the United States. Early onset of seizures (less than two hours) is indicative of early 
substantial intracranial entry. Transitory EEG changes occur and usually take the form of slow 
wave activity. 

While not observed in controlled clinical studies with ISOVUE-M (lopamidol Injection), or 
reported in clinical literature, the following adverse reactions may occur because they have 
been reported with other nonionic contrast agents: cardiovascular (arrhythmias); aseptic men- 
ingitis syndrome; allergy or idiosyncrasy (chills, pruritus, nasal congestion, Guillain-Barre syn- 
drome); CNS irritation (psycho-organic syndrome: mild and transitory perceptual aberrations 
such as depersonalization, anxiety, depression, hyperesthesia, disturbances in speech, sight, 
or hearing, and disorientation; in addition, hyperreflexia or areflexia, hypertonia or flaccidity, 
restlessness, tremor, echoacousia, echolalia, asterixis or dysphasia have occurred). Profound 
mental disturbances have rarely been reported (various forms and degrees of aphasia, mental 
confusion or disorientation); the onset is usually at 8 to 10 hours and lasts for about 24 hours 
without aftereffects. 

However, occasionally they have been manifest as apprehension, agitation, or progressive 
withdrawal to the point of stupor in several instances. In a few cases, these have been accom- 
panied by transitory hearing loss or other auditory symptoms and visual disturbances (believed 
subjective or delusional). Persistent cortical loss of vision in association with convulsions, and 
ventricular block have been reported. Rarely, persistent though transitory weakness in the leg 
or ocular muscles has been reported. Peripheral neuropathies have been rare and transitory. 
They include sensory and/or motor or nerve root disturbances, myelitis, persistent leg muscle 
pain or weakness, or sixth nerve palsy, or cauda equina syndrome. Muscle cramps, fascicula- 
tion or myoclonia, spinal convulsion, or spasticity are unusual. 


General Adverse Reactions To Contrast Media 

Reactions known to occur with parenteral administration of iodinated ionic contrast agents 
(see the listing below) are possible with any nonionic agent. Approximately 95 percent of ad- 
verse reactions accompanying the use of other water-soluble intravascularly administered 
contrast agents are mild to moderate in degree. However, life-threatening reactions and fatali- 
ties, mostly of cardiovascular origin, have occurred. 

Reported incidences of death from the administration of other iodinated contrast media 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients (0.01 percent). Most 
deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest with 
cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive col- 
lapse and shock are found in the literature. The incidence of shock is estimated to be ` out of 
20,000 (0.005 percent) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. Chemotoxic reactions result from the physico-chemical proper- 
ties of the contrast medium, the dose, and the speed of injection. All hemodynamic distur- 
bances and injuries to organs or vessels perfused by the contrast medium are included in this 
category. Experience with iopamidol suggests there is much less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography. Fewer changes are noted in ventricular function after 
ventriculography and coronary arteriography. 

idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 
to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of drug 
injected, the speed of injection, the mode of injection, and the radiographic procedure. Idio- 
syncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions 
are self-limited and of short duration; the severe reactions are life-threatening and treatment is 
urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the genera! population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. Most adverse reac- 
tions to intravascular contrast agents appear within one to three minutes after the start of 
injection, but delayed reactions may occur (see PRECAUTIONS, General). 

Because measurable plasma levels are attained following the intrathecal administration of 
iopamidol, adverse reactions reported with the use of intravascular contrast agents are theo- 
retically possible. In addition to the adverse drug reactions reported for iopamidol, the follow- 
ing additional adverse reactions have been reported with the use of other intravascular contrast 
agents and are possible with the use of any water-soluble iodinated contrast agent: 
Cardiovascular: vasodilation, cerebral hematomas, petechiae, hemodynamic disturbances, 
sinus bradycardia, transient electrocardiographic abnormalities, ventricular fibrillation. 
Digestive: nausea, vomiting, severe unilateral or bilateral swelling of the parotid and submaxil- 
lary glands. 

Nervous: paresthesia, dizziness, convulsions, paralysis, coma. 

Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, 
rhinitis, dyspnea. 

Skin and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis. 

Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, pain. 

Special Senses: bilateral ocular irritation; lacrimation; conjunctival chemosis, infection, and 
conjunctivitis; itching. 

The following reactions may also occur: neutropenia, thrombophlebitis, flushing, pallor, weak- 
ness, severe retching and choking, wheezing, cramps, tremors, and sneezing. 

HOW SUPPLIED 

ISOVUE-128: 10 x 50 mL vials; ISOVUE-200: 10 x 50 mL vials and 10 x 100 mL bottles; 
ISOVUE-300: 10 x 50 mL vials and 10 x 100 mL bottles and 10 x 150 mL bottles; ISOVUE-370: 
10 x 50 mL vials and 10 x 100 mL, 10 x 150 mL and 10 x 200 mL bottles; ISOVUE-M 200: 10 x 20 mL 
vials; ISOVUE-M 300: 10 x 15 mL vials. 

STORAGE 

ISOVUE" and ISOVUE-M®* (iopamidol injection) should be stored at room temperature not 
exceeding 86° F. Protect from light. 


For full prescribing information consult package insert. 
J3-702A/J3-652E/J3-653E. 
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Signa... 
the reference pomt 
ın MR Signa MR imaging provides 
superior visualization of spine 
anatomy. 


Suess in MR depends on 
having a system that can do it 
all. And from head to toe, the 
Signa® system delivers. 

Excellent image quality. Com- 
prehensive applications. High 
throughput. And continuing 
development of advanced soft- Image courtesy of University Diagnostic Institute, Tampa, FL 
ware and hardware that keeps 
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iiis study takes only 30 minutes. 
Signa enables you to routinely 
combine single excitation imaging 
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get superb resolution and contrast 
Right from the top, Signa —quickly. Which is one reason Oblique multi-slice, multi-angle 
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Extraordinary extremities 


Orthopedic studies are among 
1e fastest growing applications at 
igna sites. For good reason. Signa 
irface coils can provide submilli- 
xeter resolution images of the 
nee, TMJ or shoulder in less than 
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) minutes. Minute changes in 
natomy—rotator cuff and 
1eniscal tears, TM] derangements, 
nd collateral ligament disease— 
an be clearly visualized due to 
igna’s high sensitivity and ability 
» perform small, off-center FOV 
naging. 


A growing body of work 


Excellent body studies have 


become a Clinical reality for Signa 


users, due to innovative new mo- 
tion compensation software. 





Image courtesy of Diagnostic Imaging, Chattanooga, TN 


This software includes new 
blood flow compensation pulse 
sequences that virtually eliminate 
artifacts caused by pulsatile blood 
flow—without increasing acquisi- 
tion time. And EXORCIST pulse 
sequences that keep respiratory 
motion artifacts to a minimum. 

These advancements enhance 
Signa’s already excellent contrast 


and spatial resolution for detailed 


studies of the liver, kidneys, vascu- 
lature and genitourinary tract. 


A continuum 
of excellence 


Our recent innovations in body 
imaging are just one example of 
other Signa applications to come, 
including MR angiography*, cine 


cardiac* and routine spectroscopy.” 


From head studies that helped 
establish the diagnostic power of 
MR to new applications that will 
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determine its future, Signa con- 
tinues to be the leader in MR. 


For more information about the 


Signa system, please call 
GE Medical Systems: 


(800) 624-5692. 


*These Signa system features are currently classified as in- 
vestigational and limited by federal law to investigational use. As 
sucn, they cannot be made commercially available until 
necessary government approvals are granted. 
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A complete family of CLEAR-Pb a ee | 


Lead-Plastic Mobile X-Ray Barriers... 
the most extensive line of its kind 
ever produced. 





CLEAR-Pb Mobile X-Ray Barriers offer you total 
body protection from secondary radiation in 
radiology suites, O.R.’s and Special Procedures 
rooms. You'll also find them in cardiac cath 
rooms, as well as in mammographic, nuclear 
medicine and dental suites. 

Our leac-impregnated, transparent plastic : 
viewing panels are crystal-clear and shatter- | 
resistant...perfect for mobile unit use. A choice | 
of lead equivalencies and a wide variety of sizes 
lets you select the correct size to meet the 
needs of your department. Shield one, two 

or more people the easy way! 






Nuclear 
» Medicine Barrier 








The Winning Combination: 
Total-body Shielding and 
Panoramic Visibility! 
The distortion-free clarity and generous size > Deluxe Barrier + 
of each CLEAR-Pb viewing panel provides 
you with exceptional visibility over a wide 
field of view. Patient and equipment can be 
seen at a glance, and the large viewing area 
puts patients at ease, too. No more need to 
put up with tiny, lead-glass viewing windows. 
Today's look is attractive, spacious, open, 
thanks to the versatility of CLEAR-Pbd 
Lead-Plastic. 
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Need more details? 
We have them. Request Bulletin 3225-44 


NUCLEAR ASSOCIATES 


A Division of VICTOREEN, INC 


CARLE PLACE, NY 11514-1593 





Ultra Barrier 
(516) 741-6360 
VICTOREEN A Subsidiary of Sheller-Globe SG 3 Regular 
CIRCLE 16 ON READER SERVICE CARD PVICTOREEN, Inc. *U.S. Patents 4,129,524 and 4,182,821 Barrier 
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advantages 
are as clear as the 
Xray you get. 


Use this checklist to compare other bowel preps: 
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Pleasant, cherry flavor 
40 fl oz 


_ z 
Fluid intake 








Reconstitution 





“nema 








Sugar No 
“cohol No 


Sodium content Low 


means better work flow, cost containment and patient 
comfort. 

Everything is in the kit, including easy-to-follow 
instructions. No mixing, no enemas, no alcohol, no 
sugar, low sodium... and low cost. Easy to use for bet- 
ter compliance. 

Seeing is believing. Give Evac-Q-Kwik a trial. 


There's more. 

Take advantage of our service materials: 
[L Inservice film for nurses ( Multi-language instruc- 
tion sheets [| Radiology work sheets O “What to 
expect” booklet for patients. Ask your Adria Represen- 
tative, or drop us a line. Adria Laboratories, Columbus, 
Ohio 43215. 


Evac-O-Kwik 


Clean colon, clear advantages. 


Adria Laboratories 
Columbus, OH 43215 
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There are reasons 


3S. XRAY ACCESSORIES 


are preferred... 
PROVEN faena a op pariments 
UNEQUALLED in design, construction and—quality 
REPUTATION orestes for RELIABILITY 


e Motorized Viewers 

è |Iluminators 

è Transfer Cabinet 
File Cabinets 

è Protective Panels 

è Protective Aprons 

e Wall Cassette Holders 

e Dryers 

e Safelights 

è Dark Room Cabinets 

e Storage Chests 

e Loading Bins 

-Ray Accessories 





















For more than 30 years, S. & S. has been meeting 
Radiologists needs with a complete line of 
illuminators and accessories. 

Contact S. & S. or your local x-ray dealer for 
additional information. 


MANUFACTURED BY 
S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 
Call Toll Free: 800-221-6634 
Telephone: 718-649-8500 

1101 LINWOOD STREET, BROOKLYN, NY 11208 
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The image of safety in 
radiographic procedures. 


In radiographic contrast procedures, you ask a lot 
of the contrast agent you use. 

Safety. 

Imaging performance. 

Patient comfort and tolerance. 
Experience with OMNIPAQUE in clinical use and trials 
continues to demonstrate its unique combination of lowest 
chemotoxicity and low osmolality, providing the best 
of all three. 


CT of lumbar spine with OMNIPAQUE 


NONIONIC >) 
OMNIPAQUE D 
(IOHEXOL) An ongoing record of safety 


in radiographic procedures. 


See next page for important product information concerning _ 
contraindications, warnings, adverse reactions, patientselection, 
and prescribing and precautionary recommendations. 





OMNIPAQUE’ igo) 20] Hd Go 


INJECTION (IOHEXOL) 
INTRATHECAL/INTRAVASCULAR 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 
DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium for intrathecal and 
intravascular administration anc is provided in iodine concentrations of 180, 240, 300, and 350 mgi/mL. Each 
milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edetate calcium disodium with the pH 
adjusted between 6.8 and 7.7 with hydrochloric acid or sodium hydroxide. but it contains no preservatives 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to 
iohexol Myelography should not be performed in the presence of significant local or systemic infection where 
bacteremia is likely Intrathecal administration of corticosteroids with OMNIPAQUE is contraindicated. Because of the 
possibility of overdosage, immediate repeal Wag al in the event of technical failure is contraindicated 
WARNINGS—Intrathecal: If grossly bloody CSF is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient. Caution is advised in elderly patients and in 
patients with a history of epilepsy, severe cardiovascular disease, chronic alcoholism, or multiple sclerosis 
Patients who are receiving anticonvulsants should be maintained on this therapy. Should a seizure occur, 
intravenous diazepam or phenobarbital sodium is recommended. In patients with a history of seizure activity who are 
not on anticonvulsant therapy, premedication with barbiturates should be considered 
Prophylactic anticonvulsant treatment with barbiturates should be considered in patients with evidence of 
inadvertent intracranial entry of a large or concentrated bolus of the contrast medium since there may be an 
increased risk of seizure in such cases 
Drugs which lower the seizure threshold, especially phenothiazine derivatives, including those used for their 
antihistamine properties, are not recommended for use with OMNIPAQUE Others include MAO inhibitors, tricyclic 
antidepressants, CNS stimulants. and psychoactive drugs described as analeptics, major tranquilizers, or anti- 
psychotic drugs. While the contributory role of these medications has not been established, the use of such drugs 
should be based on physician evaluation of potential benefits and potential risks. Physicians have discontinued these 
agents al least 48 hours before and for at least 24 hours postprocedure 
Care is required in palient management to prevent inadvertent intracranial entry of a large dose or concentrated 
bolus of the medium Also, effort should be directed to avoid rapid dispersion of the medium causing inadvertent rise 
to intracranial levels (eg, by active patient movement). Direct intracisternal or ventricular administration for standard 
radiography (not CT) is not recommended 
in most reported cases of major motor seizures with nonionic myelographic media, one or more of the following 
factors were present. Therefore avoid: deviations trom recommended procedure or in myelographic management: 
use in patients with a history of epilepsy; overdosage; intracranial entry of a bolus or premature diffusion of a high 
concentration of the medium; medication with neuroleptic drugs or phenothiazine antinauseants: failure to maintain 
elevation of the head during the procedure. on the stretcher, or in bed: and excessive and particularly active patient 
movement or straining 
Intravascular: OMNIPAQUE should be used with extreme care in patients with severe functional disturbances of 
the liver and kidneys. severe thyrotoxicosis, or myelomatosis Diabetics wilh a serum creatinine level above 3 mg/dL 
should not be examined unless the possible benefits of the examination clearly outweigh the additional risk 
OMNIPAQUE is not recommenced for use in patients with anuria 
Radiopaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
particularly in those with therapeutically resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated that the combination of both may be 
causative factors. The risk in myelomatous patients is not a contraindication; however, special precautions are 
necessary. Partial dehydration in the preparation of these patients prior to injection is not recommended since this 
may predispose the patient to precipitation of the myeloma protein in the renal tubules. No form of therapy, including 
dialysis. has been successful in reversing the effect. Myeloma, which occurs most commonly in persons over age 40, 
should be considered before instituting intravascular administration of contrast agents 
lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease 
Administration of radiopaque materials to patients known or suspected of having pheochromocytoma should be 
performed with extreme caution If, in the opinion of the physician, the possible benefits of such procedures outweigh 
the considered risks, the procecures may be performed; however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 
Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with 
hyperthyroidism or with an autonomously functioning thyroid nodule suggest thal this additional risk be evaluated in 
such patients before use of any contrast medium 
Urography should be performed with caution in patients with severely impaired renal function and patients with 
combined renal and hepatic disease 
PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents should be carried out 
under the direction of personnel with the prerequisite training and with a thorough knowledge of the particular 
procedure to be performed. Appropriate facilities should be available tor coping with any complication of the 
procedure. as well as for emergency treatment of severe reactions to the contrast agent itself, Competent personnel 
and emergency facilities should be available since severe delayed reactions have occurred. The possibility of serious, 
life-threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see ADVERSE 
REACTIONS) It is of utmost importance that a course of action be carefully planned in advance tor immediate 
treatment of serious reactions Preparatory dehydration is dangerous and may contribule to acute renal failure in 
patients with advanced vascular disease. in diabetic patients. and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Patients should be well hydrated prior to and following iohexol administration 
Careful consideration to the potential risk of acute renal failure should be given before performing excretory 
urography in diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly with 
preexisting renal disease). Immediately following surgery. excretory urography should be used with caution in renal 
transplant recipients In patients with severe renal insufficiency or failure, compensatory biliary excretion of the drug 
is anticipated to occur, with a slow clearance into the bile. Patients with hepatorenal insufficiency should not be 
examined unless the possibility of benefit clearly outweighs the additional risk. The possibility of an idiosyncratic 
reaction in susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a known sensitivity 
to iodine per se, and patients with a known clinical hypersensitivity: bronchial asthma, hay fever. and food allergies A 
thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast media, 
may be more accurate than pretesting in predicting potential adverse reactions 
A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential, bul caution should be exercised (see ADVERSE REACTIONS). 
Premedication with antihistamines or corticosteroids to avoid or minimize possible allergic reactions in such 
patients should be considered and administered using separate syringes Recent reports indicate that such 
pretreatment does not prevent serious, life-threatening reactions but may reduce both their incidence and severity 
Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate-based ionic agents of 
comparable iodine concentration, the potential transitory increase in circulatory osmotic load in patients with 
congestive heart failure requires caution during injection. These patients should be observed for several hours 
following the procedure to detect delayed hemodynamic disturbances 
General anesthesia may be indicated in the performance of some procedures in selected adult patients: however, a 
higher incidence of adverse reactions has been reported in these patients, and may be attributable to the inability of 
the patient to identity untoward symptoms or to the hypotensive effect of the anesthesia which can reduce cardiac 
output and increase the duration of exposure to the contrast agent. 
Angiography should be avoided whenever possible in patients with homocystinuria, because of the risk of 
inducing thrombosis and embolism 
In angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall 
should be borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure 
proper catheter placement are recommended 
Selective coronary arteriography should be performed only in those patients in whom the expected benefits 
outweigh the potential risk The inherent risks of angiocardiography in patients with chronic pulmonary emphysema 
must be weighed against the necessity for performing this procedure 
When OMNIPAQUE is to be injected using plastic disposable syringes the contrast medium should be drawn into 
the syringe and used immediately 
The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been shown, in vitro, to be 
less than those of ionic contrast media at comparable concentrations For this reason, standard angiographic 
procedures should always be followed: angiographic catheters should be flushed frequently, and prolonged contact 
ot blood with cOntrast media in syringes and catheters should be avoided 
it nendispOsable ve iii is used. scrupulous care should be taken to prevent residual contamination with 
‘ifaces of cleansing agents 
Bre ee products should be inspected and discarded if particulate matter or discoloration 
å Re present. gi 
= = Drug Interactions: Drugs ich lower seizure threshold, especially phenothiazine derivatives including those 
eee, used, for g! antihistamimic @r antinauseant properties, are not recommended for use with OMNIPAQUE 180 
i 0 PAQU 240, or OMNIPAQUE 300. Others include monoamine oxidase (MAO) inhibitors. tricyclic antidepres- 
4 i Sa i Stimulants, psych@active drugs described as analeptics, major tranquilizers, or antipsychotic drugs 
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Such medications should be discontinued at least 48 hours before myelography, should not be used for the control of 
nausea or vomiting during or after myelography, and should not be resumed for at least 24 hours postprocedure. In 
nonelective procedures in patients on these drugs, consider prophylactic use of anticonvulsants. 
Drug/Laboratory Test Interaction: If iodine-containing isotopes are to be administered for the diagnosis of 
thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, eg, T; resin uptake or direct 
thyroxine assays, are not affected. Many radiopaque contrast agents are incompatible in vitro with some 
antihistamines and many other drugs; therefore, no other pharmaceuticals snould be admixed with contrast agents 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been performed 
to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE. There are, however, no studies in pregnant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers: |t is not known to what extent iohexol is excreted in human milk. However, many injectable 
contrast agents are excreted unchanged in human milk Although it has not been established that serious adverse 
reactions occur in nursing infants. caution should be exercised when intravascular contrast media are administered 
to nursing women. Bottle feedings may be substituted for breast feedings for 24 hours following administration of 
OMNIPAQUE * injection (iohexol 
Pediatric Use: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS—Intrathecal: The most frequently reported adverse reactions with OMNIPAQUE 180. 
OMNIPAQUE 240, and OMNIPAQUE 300 are headache. milc to moderate pain including backache, neckache and 
stiffness, nausea, and vomiting These reactions usually occur 1 to 10 hours after injection, and almost all occur 
within 24 hours. They are usually mild to moderate in degree. lasting for a few hours, and usually disappearing within 
24 hours. Rarely, headaches may be severe or persist for days. Headache is often accompanied by nausea and 
vomiting and tends to be more frequent and persistent in patients not optimally hydrated 

Transient alterations in vital signs may occur and their oe must be assessed on an individual basis 
Those reactions reported in clinical studies with OMNIPAQUE are listed below in decreasing order of occurrence, 
based on Clinical studies of 1.531 patients 
Headaches: The most frequently occurring adverse reaction following myelography has been headache, with an 
incidence of approximately 18% Headache may be caused by either a direct effect of the contrast medium or by CSF 
leakage al the dural puncture site However, in managing the patient, it is considered more important to minimize 
intracranial entry of contrast medium by postural management than attempting to control possible CSF leakage 
Pain: Mild to moderate pain including backache. neckache and stiffness, and neuralgia occurred following injection 
wilh an incidence of about 8% 
Nausea and Vomiting: Nausea was reported with an incidence of about 6%, and vomiting about 3%. Maintaining 
normal hydration is very important. The use of phenothiazine antinauseants s not recommended. Reassurance to the 
patient thal the nausea will clear usually is all that is required. 
Dizziness. Transient dizziness was reported in about 2% of the patients 
Other Reactions: Other reactions occurring with an indivicual incidence of less than 0.1% included: feeling of 
heaviness, hypotension, hypertonia, sensation of heat, sweating, vertigo, loss of appetite, drowsiness, hypertension, 
photophobia, tinnitus, neuralgia, paresthesia, difficulty in micturition, and neurological changes. All were transient 
and mild with no clinical sequelae 
Intravascular: Adverse reactions following the use of OMNIPAQUE 240. OMNIPAQUE 300, and OMNIPAQUE 350 
are usually of mild to moderate severity. However, serious, life-threatening and fatal reactions, mostly of cardiovascu- 
lar origin, have been associated with the administration of iodine-containing contrast media, including OMNIPAQUE 
The injection of contrast media is frequently associated with the sensation of warmth and pain, especially in 
peripheral angiography; pain and warmth are less frequent and less severe with OMNIPAQUE than with many 
contrast media 
Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotension 
(0.8%). Others including cardiac failure, asystole, bradycardia, tachycardia and vasovagal reaction were reported 
with an individual incidence of less than 0.4%. In controlled clinical trials involving 1,213 patients, one fatality 
occurred. A cause and effect relationship between this death and iohexol has not been established. 
Nervous System: Vertigo [including dizziness and lightheadedness] (0.7%), pain (3%), photomas (2%), headache 
(2%), and taste perversion (1%). Others including anxiety, blurred vision, fever, motor and speech dysfunction, 
convulsion, paresthesia, somnolence, st tf neck, hemiparesis, and nystagmus were reported, wilh an individual 
incidence of less than 0.3% 
Respiratory System: Dyspnea and laryngitis, with an indivicual incidence of 0 1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.6%) Others including diarrhea, dyspepsia, and dry mouth 
were reported, with an individual incidence of less than 0.2% 
Skin and Appendages: Urticaria (0.3%) and purpura (0.1%) 
General Adverse Reactions to Contrast Media: The following reactions have been reported after administra- 
tion of other intravascular iodinated contrast media. Reactions due to technique: hematomas and ecchymoses 
Hemodynamic reactions. vein cramp and thrombophlebitis following intravenous injection. Cardiovascular reac- 
tions: tare cases of cardiac arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
peripheral vasodilatation, shock, and cardiac arrest. Rena! reactions: occasionally, transient proteinuria; rarely, 
oliguria or anuria. Allergic reactions. asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus. as well as pleomorphic rashes, sneezing, and lacrimation; rarely, anaphylactic 
reactions. Rare fatalities have occurred due to these or unknown causes. Signs and symptoms related to the respira- 
tory system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or fo the nervous system. restlessness, 
tremors, convulsions Other reactions: flushing, pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, 
confusion, pallor, weakness. sweating, localized areas of edema (especially facial cramps), neutropenia, and 
dizziness. Rarely, immediate or delayed rigors can occur. sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (salivary gland swelling) trom organic iodinated compounds appears 2 days after exposure and subsides 
by the sixth day 

In general, the reactions that are known to occur upon parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 95% of acverse reactions accompanying the use of water-soluble 
intravascularly administered contrast agents are mild to moderate in cegree However, severe, life-threatening 
anaphylactoid reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range from 
6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the 
main feature being cardiac arrest, with cardiovascular disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 20.000 
(0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories chemotoxic reactions and idiosyncratic 
reactions. Chemotoxic reactions result from the physicochemical properties of the contrast media, the amount of 
dose injected, and the speed of injection. All hemodynamic disturbances and injuries to organs or vessels perfused 
by the contrast medium are included in this category. Idiosyncratic reactions include all other reactions. They occur 
more frequently in patients 20 to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount ot 
dose injected, the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate. and severe The minor reactions are self-limited and of short duration; the severe reactions are 
life-threatening and treatment is urgent and mandatory 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice that in 
the general population. Patients with a history of previous reactions to a contrast medium are three times more sus- 
ceptible than other patients. However, sensitivity to contrast media does not appear to increase with repeated 
examinations 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse reactions is higher 
with angiocardiography than with other procedures. Cardiac decompensation. serious arrhythmias, angina pectoris, 
or myocardial ischemia or infarction may occur during angiocardiography and left ventriculography. Electrocar- 
diographic and hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine 
and dialrizoate sodium injection 
OVERDOSAGE—Intrathecal: Clinical consequences of overdosage with OMNIPAQUE have not been reported 
However, based on experience with other nonionic myelographic media, physicians should be alert to a potential 
increase in frequency and severity of CNS-mediated reactions. Even use of a recommended dose can produce effects 
tantamount to overdosage if incorrect management of the patient during or immediately following the procedure 
permits inadvertent early intracranial entry of a large portion of the medium 

The intracisternal LD<g value of OMNIPAQUE (in grams of iodine per kilogram body weight) is greater than 
2.0 in mice 
Intravascular: Overdosage may occur. The adverse effects of overdosage are life-threatening and affect mainly the 
pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, pulmonary 
hemorrhage. convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support of all 
vital functions and prompt institution of symptomatic therapy 

The intravenous LD« values of OMNIPAQUE (in grams of iodine per kilogram body weight) are 24 2 in mice and 
15.0 in rats 
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with no loss in 
diagnostic accuracy 


* MICROVISION™ Mammography Film is a single- 
emulsion, high-contrast, high-speed orthochromatic 
X-ray film created exclusively for mammography. 


e With a relative speed of 150, MICROVISION is 50% 
faster than the next best single-emulsion mammogta- 
phy film. [his can reduce patient radiation exposure 
by 33% while keeping maximum detail visibility and 
providing excellent contrast. 


e MICROVISION embodies the latest in DuPont 
cubic silver halide grain technology. Use it as “drop-in” 
film with any green-emitting, single-intensifying 
mammography screen. Ideal for both screening and 
symptomatic patient imaging, MICROVISION is 
available in all standard sizes. 


lor more details, call us at 1-800-527-2601, or ask your 
Du Pont representative for a free demonstration of 


MICROVISION Mammography Film on your 


own equipment. 
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Magnetic Resonance system are expanding 
the diagnostic range of MR to include imaging 
of the knee. In many cases, MR can now replace 

_ arthrography—a key benefit for your patients. 
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iapoanos of the Signal-to-Noise Ratio (S/N): The MAGNETOM 
MR system gives physicians the resolving power to confidently grade 
conditions such as subtle meniscal lesions. It delivers this superior 
performance through (1) high baseline S/N, and (2) anatomically 
conformal radio frequency probes, including the MAGNETOM'’s 
Helmholtz coil and knee resonator. Together, these features optimize 
image quality—and keep knee examinations brief. 


Rapid Three Dimensional Knee Imaging: 3D imaging of the knee 
using rapid pulse sequences permits extremely thin, contiguous 
slices—1.5 mm or less—to be acquired with submillimeter spatial 
resolution. These very thin sections improve assessment of knee 
trauma by providing unprecedented visualization of bone marrow, 
Cartilage, meniscal structure and fluid. 


MAGNETOM. The Definition of Clinical Value. Through ongoing 
system enhancements, MAGNETOM users have access to a 
constantly expanding diagnostic range. Siemens traditional quality 
and commitment to MR make the MAGNETOM the definition of 
Superior clinical value. 


Write for a Poster. 

If you'd like an informative 
poster on MR of the knee, 
write to: 


Siemens Medical 
Systems, Inc. 

MR Product Group 

186 Wood Avenue South 
Iselin, NJ 08830 


The Siemens MAGNETOM has 
received FDA premarket approval for 
certain configurations and 
applications. Those configurations 
and applications that are currently not 
approved are only available for 
investigational use in the U.S 
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Present and Future Status of MR Imaging 


Alexander R. Margulis' and Lawrence E. Crooks? 


Although MR imaging was first introduced in 1973 [1], it 
did not become clinically applicable until 1981 when, almost 
simultaneously, good, informative images were obtained at 
both the Royal Postgraduate Medical School, Hammersmith 
Hospital, London [2] and the University of California, San 
Francisco [3]. What followed was a veritable explosion of 
interest in MR, with clinical centers throughout the country 
and abroad contributing almost daily to advances in this new 
diagnostic field. The result is that MR imaging is now firmly 
established in the clinical workup of patients in most larger 
centers in the United States. The routine use of MR is fast 
becoming a reality in much of Western Europe and is also 
expected to become widespread in Japan. The speed with 
which this medical technology has spread throughout the 
Jnited States is phenomenal. At the end of 1981, there were 
only three working clinical imagers in the United States, yet 
by the beginning of 1987 some 600 units were in use, and by 
the end of 1987 over 800 will be in clinical operation [4]. Only 
a few of these units are owned by the federal government or 
by municipal governments. In fact, most of them are the 
property of hospitals or groups of physicians, who are enthu- 
siastically acquiring the machines because of the unique type 
of information they provide. 


Clinical Status 


After the initial stage of development of clinical MR imaging, 
a new breed of technically oriented imaging specialists 
emerged. The MR imaging specialist had to be a general 
radiologist who also had special technical expertise. Although 
this was worthwhile for an immature technique for which new 
approaches were constantly being implemented, advances in 
MR and its clinical applications are causing MR imaging to 
return to the province of the organ-oriented subspeciaiist. 


Areas in Which MR Imaging Excels 


Today MR is the essential imaging technique in the study 
of the CNS [5], including the spinal cord (Fig. 1), as well as 
the face and neck. It is also extremely valuable in studying 
diseases of the spine and the major joints. Because of its 
superior soft-tissue contrast resolution, MR is more effective 
than CT for staging bone tumors. However, MR lags behind 
CT in providing information about calcification and periosteal 
bone reaction [6], and newer techniques are continuously 
adding more information. 

MR also provides important information about the male and 
female genital organs as well as the urinary bladder (Fig. 2) 
[7]. In addition to its use in staging malignant neoplasms of 
pelvic organs, MR can also provide information about the 
hormonal status of the uterus [8]. Moreover, MR imaging is 
equal to or better than CT in the study of the mediastinum, 
retroperitoneum, and large vessels [9]. This technique has 
been shown to be particularly valuable in the study of dis- 
secting aneurysms and in many centers has replaced emer- 
gency angiography for the study of these lesions [10]. In the 
evaluation of the heart, MR imaging excels in the area of 
ischemic heart disease, congenital heart disease, and abnor- 
malities involving the pericardium [7]. 

Although MR imaging of the upper abdomen is marred by 
breathing artifacts, MR imaging of the liver (particularly with 
the spin-echo technique and a short TR and short TE) has 
yielded excellent images [11]. Further progress with the use 
of rapid scanning techniques is expected in the future [12]. 
MR is already being used to detect metastases in the liver, 
and investigators report that it is more accurate than other 
methods, including CT [13]. MR is valuable in the diagnosis 
of hepatocellular carcinomas and has advantages over CT 
and sonography in the study of hepatic hemangiomas. These 
common neoplasms have an unusually long T2. More ad- 
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vances will be necessary before MR totally replaces CT in the 
study of the liver. At this time, MR examination of the liver is 
indicated (1) when multiple metallic clips are present in the 
liver, (2) when hepatic metastases are suspected when the 
CT findings are negative and other clinical tests suggest that 
metastases are present, and (3) when lesions located in only 
one lobe on CT necessitate examination of the whole liver to 
exclude the presence of additional metastases and to deter- 
mine resectability. 


Areas in Which MR Lags Behind Other Imaging 
Techniques 


The alimentary tube is still best examined with barium. 
Neoplasms of the alimentary tract are better staged with CT 
than with MR. New rapid MR imaging sequences and the 
cessation of bowel motion by giving an intramuscular injection 
of glucagon will improve the results of MR imaging. Even 
then, given the present limitations in spatial resolution of the 
new rapid sequences, it is unlikely that MR imaging will 
replace barium or CT for the staging of malignant neoplasms, 
mesenteric disease, or abscesses. This may change with the 
development of optimized breath-holding sequences and 
practical intraluminal contrast media for MR. 
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Fig. 1.—Partially cystic astrocytoma of upper 
cervical cord. 

A, Short-TR image showing cystic component 
and tumor in cord with low signal intensity (ar- 
row). 

B, Long-TE image shows cystic component 
with high signal intensity, whereas tumor is isoin- 
tense with cord. 


Fig. 2.—Benign prostatic hypertrophy produc- 
ing bladder obstruction with creation of a large 
urinary bladder diverticulum. Short-TR images. 

A, Coronal section shows large diverticulum 
(D) of bladder (B) on left with much-enlarged 
prostate (P). 

B, Sagittal section shows protrusion of en- 
larged prostate (P) into partially obstructed uri- 
nary bladder (B). 


New MR sequences are being used for the study of the 
pancreas, but it is too early to know whether MR will prove 
superior to CT for this purpose [14]. It is likely that the spleen 
will be studied preferentially with MR. At present, high-reso- 
lution CT with a bolus injection of iodinated contrast media is 
the best imaging approach. MR also lags behind CT in the 
evaluation of lung parenchyma. Thin-slice CT is particularly 
effective in the evaluation of diffuse lung disease [15, 16]. 


Limitations of MR Imaging 


The technology of MR imaging is considerably more com- 
plex than that of other imaging techniques. MR depends on 
a multitude of physical parameters such as proton density, 
T1 and T2 relaxation parameters, proton bulk motion [17], 
diffusion [18], magnetic susceptibility [19], and chemical shift 
[20]. In addition, many of the machine parameters are impor- 
tant in determining image quality: magnetic field strength, the 
design of radiofrequency coils (gradient, emitting, and receiv- 
ing), the strength of the gradient-power supplies, homogeneity 
of the field, and so forth [3]. There is also considerable 
controversy over the optimal magnetic field strength of the 
devices [21, 22]. This question is still unresolved, since there 
are advantages and disadvantages associated with each field 


strength. Because of concern over this one parameter, addi- 
tional issues regarding the many other technical characteris- 
tics of an imager are often overlooked. High—magnetic-field 
strength has the advantage of permitting the emission of 
stronger signals in general and the possibility of a better 
signal-to-noise ratio (S/N). On the negative side, T1 is longer 
with high-strength fields and, with present techniques, motion 
artifacts are emphasized. These artifacts are particularly both- 
ersome when imaging the upper abdomen. Some artifacts 
are also present in images of the brain and are apparently 
produced by arterial pulsations [23]. Chemical-shift artifacts 
are also more pronounced with higher fields [22]. Intermediate 
and lower fields have lower signal, but for a given chemical- 
shift artifact, they have a narrower bandwidth and less noise. 
S/N affects imager slice thickness, with a high S/N allowing 
thinner slices. Intermediate- and low-field imagers require 
more care to achieve a high S/N. Low-field-strength machines 
(0.05-0.07 T) show the promise of fewer artifacts caused by 
respiratory and other motion. With ECG gating, these ma- 
chines provide excellent heart images (Fig. 3). The lower the 
magnetic-field strength, the easier it is to provide a proper 
site for the imaging devices and the lower the cost of the 
machine. Low-field-strength units operate with permanent, 
hybrid, or resistive magnets. 


Spatial Resolution 


The spatial-resolution limit of present human MR imagers 
is in the range of 0.5 mm x 0.5 mm x 2.5 mm. Small-animal 
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Fig. 3.—Heart images taken at 0.05 T. Gated 
images use 256 heartbeats. Good definition of 
chest wall is indicative of immunity to respiratory 
motion artifacts. Resolution is 2.2 x 2.2 x 10.0 
mm. 


imagers can now provide voxels that are five times smaller in 
all dimensions [24]. It appears that under the best of circum- 
stances for typical tissue, in vitro the resolution will be be- 
tween 3 and 6 um [25]. Minimizing the effects of diffusion 
and magnetic susceptibility requires very high gradients. Cry- 
ogenic cooling of the specimens and receiver coil will be 
necessary for noise reduction if finer resolution or shorter 
imaging times are needed. 


Imaging Time 


Clinical images with voxel volumes of 5 mm° and an ac- 
ceptable S/N are obtained in a few minutes on most present- 
day imagers. This improvement in performance has occurred 
only in the past few years. It is due partly to significant 
improvements in S/N. Echo-planar imaging [26, 27], which 
collects 64 echoes in 128 msec, has a somewhat poorer 
resolution but offers real-time imaging (Fig. 4) [28]. So far, 
the rapid on-and-off switching of the gradient is only applicable 
in specially designed or small-gradient coils, such as those 
used for the bodies of children or for heads. The rapid changes 
of magnetic-field gradients with the associated induced volt- 
ages begin to challenge present-day exposure guidelines. 
New sequences for reducing today’s several-minute scanning 
times are being developed [12], and images obtained with 5- 
to 10-sec scanning times will become a reality, making accu- 
rate abdominal imaging possible. 


Hazards 


With present-day imagers and techniques, the hazards of 
MR imaging are well known [29] and, in general, have been 
circumvented. Patients with cardiac pacemakers are excluded 
from MR imaging as are metal workers and patients with 
metallic clips on intracranial aneurysms. The hazard of intro- 
ducing loose ferrous objects into the magnet has not been a 
significant threat in clinical situations, since adequate locks, 
alert supervisory personnel, and the cooperation of patients 
and referring physicians have prevented mishaps. The radio- 
frequency heating measured in patients is minor and is con- 
sidered to be harmless [30]. Heating of prostheses (observed 
in one phantom study [31]) or movement of metallic clips has 
not been reported and apparently presents no hazard, and 
these patients are being routinely studied. 


Future Directions for MR 
Flow 


The sensitivity of MR to flow has been appreciated since 
the 1950s [32]. The first MR images demonstrated this sen- 
sitivity by showing blood as either bright or dark, depending 
on the imaging technique used. The absence of signal from 
blood in the heart makes it easier to study wall motion and 
wall thickening [33]. Spin-echo techniques are also useful for 
myocardial evaluation—for example, edema associated with 
infarction. A bright signal from blood can be used to measure 
the blood’s velocity [34, 35] and has the potential for produc- 
ing velocity or flow images. Currently, the bright signals from 
blood are used to observe turbulent flow and regurgitant jets 
in valvular insufficiency [36, 37]. Quantitation of these flows 
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should be possible. Combining cine loops of gated heart 
images with blood velocity information produces impressive 
motion pictures [37]. 


Multinuclear Imaging 


Hydrogen is very likely to remain the only practical and 
useful MR imaging nucleus for a long time. For S/N compari- 
sons between hydrogen and other nuclei, the most effective 
approach is to consider the case in which all nuclei resonate 
at the same frequency [38]. The comparison is then inde- 
pendent of the frequency dependency of the receiver coil and 
complex variables such as tissue conductivity. Phosphorus- 
31 requires, for instance, 2.7 times the field strength of 
hydrogen. Carbon-13 has a per gram sensitivity of 1.9% of 
hydrogen and a relative abundance of 1.1%, giving it a 
sensitivity of 0.00021 for a gram of carbon as compared with 
a gram of hydrogen. To image nuclei other than hydrogen, 
the lower S/N must be accommodated by larger voxels, 
longer imaging time, or poorer contrast. Nevertheless, imag- 
ing of multiple nuclei is possible with hydrogen providing the 
basic image and nuclei of other elements providing superim- 
posed shading in different colors. 


Approaches to Improving the Specificity of MR 


Although MR is more sensitive than CT or sonography in 
most areas of the body, its specificity is only slightly better 
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Fig. 4.—Echo-planar images of adult head. 
Upper row of images were each acquired in 161 
msec. They have increasing T2 contrast with 
longer TE values but no T1 contrast. Lower left 
image was acquired in 322 msec. It is a late echo 
giving more T2 contrast. It and the shortest TE 
image are used to calculate T2 image in middie 
and hydrogen density image on right. Resolution 
is 2 x 2 x 10 mm. Note that different chemical 
shift of subcutaneous fat has moved it up in 
these images. Shortening imaging time reduces 
artifacts. 


than that of either of these techniques. Efforts to overcome 
this drawback are progressing in several directions. 

While MR’s relative lack of specificity can be addressed by 
advanced computer programs by using data from its multiple 
physical parameters, it is still unlikely that significant advances 
will be made in the field of MR imaging [39]. The depiction of 
normal tissue using computer-sensitized images based on 
several parameters (such as proton density, T1, and T2) give 
encouraging results (Fig. 5), but there is considerable overlap 
of these parameters for various lesions. It is unlikely that, on 
the basis of such simple solutions, significantly improved 
specificity can be attained. 

Contrast media of the type that are presently used (e.g., 
gadolinium DTPA) are helpful in increasing sensitivity, partic- 
ularly in the region of the spinal cord and brain, but have not 
improved tissue-specific pathologic diagnoses. It is possible 
that as the technology of producing monoclonal antibodies 
improves, such contrast-media—containing chelated paramag- 
netic metals may be used. Currently, work is proceeding on 
the development of receptor-based paramagnetic and super- 
paramagnetic agents. Some progress in hepatobiliary, retic- 
uloendothelial, and biochemical-targeted contrast materials is 
being achieved [40, 41]. 


Chemical-Shift Imaging 


Chemical-shift imaging for water and fat (Fig. 6) [20] is 
possible even at low—magnetic-field strengths such as 0.02 
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Fig. 6.—Chemical-shift images (Dixon method) [20] of the liver showing a hepatocellular carci- 
noma. 

A, Lesion is richer in water than is liver and therefore has a higher signal. 

B, Lesion and liver have practically no fat and therefore liver and lesion are imaged as a dark 
area. 


Fig. 5.—Computer-synthesized image using in- 
formation from T1, T2, end proton density. Long 
T1, long T2, and high-proton density are imaged 
with high signal. Lesion in right hemisphere is an 


infarct. (Courtesy of Douglas Ortendahli. Repro- 
duced with permission.) 


T [42]. At higher field strengths (e.g., 1.5-4 T), maps of 
various Compounds may be superimposed in various colors, 
with relatively large pixels, over the map of the proton image. 
Possible compounds contain phosphorus-31 such as adeno- 
sine triphosphate or phosphocreatine, hydrogen such as lac- 
tate and aspartate (after suppression of water and fat), and 
sodium-23 such as sodium chloride. 


of various elements like hydrogen (with water and fat sup- 
pressed), phosphorus-31 (Fig. 7), sodium-23, and fluorine-19. 
Specificity could also be enhanced by the introduction of 
compounds enriched with carbon-13. 

The introduction of MR spectroscopy presents difficulties 
in determining the precise location of a lesion with clinically 
practicable voxels. A great deal of work will also be necessary 


to transform MR spectroscopy from a research discipline into 
a Clinical diagnostic technique. If this is successful, there are 
enormous possibilities for obtaining important biochemical 
information noninvasively. 


MR Spectroscopy 


MR-localized tissue spectroscopy [43-45] carries with it 
the highest hope for tissue specificity by obtaining the spectra 
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Fig. 7.—Sagittal image and localized phosphorus-31 MR spectrum of a normal human brain. 

A, Phosphorus-31 MR spectrum localization from MR image. 

B, Phosphorus-31 MR ISIS (image-selected in vivo spectroscopy) spectrum of normal brain. 5 x 5 x 5 cm volume with 20-min 
acquisition time. PME = phosphomonoester; Pi = inorganic phosphorus; PDE = phosphodiester; PCr = phosphocreatine. Gamma, 
alpha, and beta indicate adenosine triphosphate peaks; ppm = parts per million. (Hubesch B, Roth K, Matson G, et al., unpublished 
data.) Note.—ISIS was developed by R. Ordidge, Oxford Instruments, Oxford, UK, and was modified by J. Den Hollander and P. 
Luyten, Philips, Einthoven, the Netherlands. 


Conclusions 


MR imaging has become an accepted clinical technique in 
many areas. It has some inherent limitations, such as resolu- 
tion (compared with the radiographic technique), speed (com- 
pared with sonography), specificity, and poor S/N for nuclei 
other than hydrogen. Since MR imagers are high-technology 
machines, the expense of MR studies is high. Cost is being 
reduced by maturing technology, competition, and the intro- 
duction of lower-field-strength machines. 

MR techniques and capabilities continue to be moving 
targets. The potential of MR imaging combined with spec- 
troscopy is immense, and it is anticipated that in the near 
future MR will become the most important diagnostic tech- 
nique in medicine. 
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Progress in Radiology 


The Evolution of Mammography 


Lawrence W. Bassett' and Richard H. Gold 


It was not until the early 1950s that mammography began 
to gain recognition as a useful diagnostic procedure. Even 
then, most radiologists simply considered it a technical ordeal 
and too specialized to add to their diagnostic procedures. In 
the 1950s, surgeons and primary-care physicians were only 
vaguely aware that it was possible to perform a radiographic 
examination of the breast. This article traces the evolution of 
mammography through the scientific contributions of those 
who developed, investigated, and improved it, emphasizing 
their trenchant articles that appeared in the American Journal 
of Roentgenology (AJR) over the last 50 years. This retro- 
spective was undertaken to provide an understanding not 
only of the origins of state-of-the art mammography, but also 
of the challenges facing mammography then and now. 


Pioneers In Mammography 


In 1913, Salomon, a German surgeon, performed radio- 
graphs of 3000 excised breasts, correlating radiographic, 
gross, and microscopic anatomy [1]. Not only did Salomon 
show how highly infiltrating carcinoma could be radiologically 
distinguished from circumscribed carcinoma, but he was also 
the first to recognize nonpalpable breast cancer on a radio- 
graph of a specimen and to report the finding. 

In the United States, Stafford Warren pioneered the clinical 
use of breast radiography when, in 1930, he reported a 
stereoscopic technique for mammography (Fig. 1). His article 
[2] described and classified the appearances of normal 
breasts, identifying fatty and glandular types, as well as 
illustrating the changes of pregnancy, mastitis, and benign 
and malignant tumors. Warren also emphasized the impor- 


tance of comparing images of the right and left breasts by 
viewing them side by side. In 1933, Lockwood [3] reviewed 
the then-current diagnostic criteria for mammography, and, in 
1938, Gershon-Cohen and Strickler [4] recognized that “a 
comprehensive knowledge and familiarity of the roentgen 
appearance of the normal breast under all conditions of 
growth and physiologic activity must be acquired by the 
roentgenologist before he can ever hope to make real prog- 
ress in the development of the roentgen method of diagnosis 
in breast neoplasia.” They, therefore, published a report on 
variations of the normal mammogram. Otherwise, the litera- 
ture of the 1930s and 1940s emphasized only the technical 
difficulties and limitations of mammography; in fact, from 1938 
to 1950 the sole mammography article in the AJR was a case 
report of extensive posttrauma calcification [5]. 

In the 1950s, Leborgne in Uruguay revitalized interest in 
mammography with the publication of a series of articles 
reporting plain breast radiography and duct injection. He used 
nonscreen film and a focus-to-film distance of 60 cm, 20-30 
kVp, 5 mAs for each centimeter of compressed breast thick- 
ness. Leborgne relied primarily on the cephalocaudal view, 
which he performed with the patient standing and with “slight 
pressure with the cone on a small cotton pad placed between 
the cone and the breast so that the least quantity of breast 
tissue is interposed” (Fig. 2). A large cone was used for a 
whole-breast image, and a smaller one was used for a second 
image of the area of interest [6]. Most importantly, Leborgne 
reported the occurrence of carcinomatous microcaicifications 
that, he said, resembled “fine grains of salt”; he detected such 
microcalcifications in about 30% of breast cancers. This sign 
provided Leborgne an opportunity for detecting carcinomas 
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even in the densest breasts. Finally, he performed specimen 
radiography to localize the calcifications for correlative histo- 
pathologic study. 

During the 1950s, Gershon-Cohen and his associates pub- 
lished extensively on the malignant and benign abnormalities 
that they had identified on mammograms [7-9]. Comparison 
of their mammographic findings with whole-breast histologic 
sections (1) taught them to recognize the importance of 
characteristic mammographic findings of benign and malig- 
nant disease, some of which had been thought to have no 
significance, and (2) enabled them to establish reliable diag- 
nostic criteria for carcinoma. Parallel work in Europe, partic- 
ularly in France by Gros and his coworkers, confirmed and 
amplified these findings. 

By 1960, however, mammography was employed by only 
a few radiologists, and dissemination of the method was 
hampered by lack of studies showing reliability and reproduc- 
ibility. In order to aid radiologists hesitant to attempt mam- 
mography, Gershon-Cohen reported on the technical aspects, 
emphasizing the importance of high-contrast, nonscreen 
films, collimation, and compression [10]. To overcome the 
difficulty in obtaining adequate exposure of both the thinner 
peripheral and thicker juxtathoracic breast tissues, he rec- 
ommended the “simultaneous exposure of two non-screen 
films, interposing a thin layer of aluminum 0.5 mm in thickness. 
The upper film then reveals good contrast of the thicker 
portions of the breast and the film covered by the aluminum 
foil reveals good contrast of the anterior portions. .. .” 

The widespread adoption of mammography is primarily 
attributable to the work of Egan and his coworkers. In 1960, 
Egan described a reproducible, high milliamperage-low kilo- 
voltage technique that used industrial film (Fig. 3B), and he 
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Fig. 1.—1939 mammogram by Staf- 
ford Warren. Moving grid diminished 
scattered radiation. Technical factors 
included 50-60 kVp, 70 mA, 2'2-sec 
exposure, dual par-speed intensifying 
screens, and lack of compression. 
Films were viewed stereoscopically. 
Normal examination. Courtesy of Staf- 
ford Warren. 


Fig. 2.—Leborgne’s positioning for 
cephalocaudal mammogram. Film lies 
in opaque paper envelope under 
breast. From Leborgne [6]. 


reported excellent results in imaging the breasts of his first 
1000 patients [11]. This welcome news overcame the tech- 
nical barriers to the widespread use of mammography and 
led to the training of radiologists and technologists across the 
United States in the performance and interpretation of mam- 
mograms (Fig. 3A) [12]. In February 1965, a Standardization 
Conference on Mammography, sponsored by an Ad Hoc 
Committee of the American College of Radiology (ACR), 
produced (1) an agreement on recommended techniques and 
dosages and (2) a reproducible technique for diagnostic- 
quality examinations. The ACR took the leading role in mam- 
mography training through its establishment of a Mammog- 
raphy Committee chaired by Wendell Scott. With grant sup- 
port from the Cancer Control Branch of the United States 
Public Health Service, the committee developed unique teach- 
ing aids and established teaching centers throughout the 
United States, where interested radiologists and technologists 
could spend 1 week undergoing practical training, with travel 
and living expenses paid by the government [13]. 

The evolution of xeromammography provides an excellent 
example of a successful collaboration between industry and 
medicine. The basic physical principles of producing electro- 
static images were known as early as 1777, when Lichtenberg 
made charged patterns visible with charged powder [14]. In 
1903, Righi made the first radiograph, using powder devel- 
opment of an electrostatic image [15]. Carlson, in 1937, 
developed the basic principles of xerography that, in 1950, 
evolved into the commercial production of the Xerox copier 
for the reproduction of documents [16]. In 1952, a study of 
the medical potential of xeroradiography was undertaken by 
Roach and Hilleboe [17]. In 1960, Gould et al. [18] reported 
on the greater breast image detail that was possible with 
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xeroradiography. Wolfe began his investigations of xeromam- 
mography in 1966, using a primitive Xerox radiographic unit. 
Through perseverance and numerous modifications of the 
equipment, and with the cooperation of the Xerox Company, 
Wolfe was able to improve image quality and reliability to the 
point that in 1971, the Xerox System 125 became commer- 
cially available. Thus, through advances in both film and 
xeroradiographic applications, mammography was trans- 
formed from an investigative procedure used only in a few 
large institutions to a valuable clinical diagnostic examination 
available to all. 


Mammography for Cancer Screening 


In 1958, Kremens, in reporting his results in 1000 mam- 
mograms, included in his list of indications for mammography 
“a survey project among healthy women for early detection 
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Fig. 3.—Egan technique. 

A, Radiographic projections and technical factors for performing mammog- 
raphy were developed by Egan and taught to radiologists throughout the 
United States during the 1960s. From “Mammography,” chart printed by 
Eastman Kodak Co., Radiography Markets Division, Rochester, NY 14650. 
Courtesy of Eastman Kodak. 

B, Egan mediolateral mammogram showing large cyst. Technical factors 
included 28 kVp, 300 mA, 6-sec exposure, target-film distance 40 in., non- 
screen industrial film. Courtesy of Robert Egan. 


of cancer” [19]. In a 1962 article [20], Egan reported 53 cases 
of occult carcinoma identified in 2000 consecutive examina- 
tions. He defined an occult carcinoma as “one which remains 
totally unsuspected following examination by the usual meth- 
ods used to diagnose breast cancer, including an examination 
of the breast by an experienced and competent physician. To 
qualify for this definition, no symptoms (vague pain, itching, 
or heaviness) nor signs (nipple discharge, change in breast 
contour, or nodules) should be present which would suggest 
a disease process within the organ.” Soon after, Martin et al. 
[21] confirmed the potential of mammography to detect un- 
suspected carcinoma in a private-practice setting. Gershon- 
Cohen et al. [22]; and Levitan et al. [23] were among those 
who elaborated on the most frequently encountered mam- 
mographic sign of nonpalpable breast cancer—microcalcifi- 
cations. In 1973, Strax et al. [24] reported the 5-year follow- 
up results of the Health Insurance Plan of Greater New York 
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Fig. 4.—Evolution of film mammography with dedicated units. 


AJR:150, March 1988 





C 


A, 1969 mammogram performed by Dr. Gros with nonscreen, industrial film, 0.7-mm (nominal) focal spot, molybdenum target at 35-cm source-image 


distance, and technical factors of 28 kVp, 40 mA, 4 sec. Normal examination. 


B, 1975 mammogram performed with Du Pont Lo-Dose | single-screen/single-emulsion film combination, 0.7-mm (nominal) focal spot, molybdenum 
target, 35-cm source-image distance, and technical factors of 28 kVp, 31 mA, 1 sec. Normal examination. 

C, 1987 mediolateral oblique mammogram, performed with Kodak MinR rare-earth screen/OM-single-emulsion film combination, 0.3-mm molybdenum 
target, 60-cm source-to-image distance, moving grid, and technical factors of 28 kVp with automatic exposure control, and extended (3-min) film 
processing. To ensure that deeper tissues are imaged, portion of pectoral muscle is included down to level of nipple. Carcinoma in axillary tail, near chest 


wall. 


randomized, controlled, breast cancer screening study. Com- 
pared with the mortality rate of the control group, the mortality 
rate was reduced by one-third for women who were screened 
by physical examination and mammography. 


State of the Art 


Advances in technology through the years have ultimately 
led to a striking improvement in image quality and a dramatic 
reduction in radiation dose. The first completely dedicated 
mammography unit was developed by Gros in France in the 
middle 1960s (Fig. 4A) [25]. A molybdenum target (0.7-mm 
focal spot) in place of tungsten heightened the contrast be- 
tween parenchymal, fat, and calcific densities, while a built-in 
compression device decreased scattered radiation and mo- 
tion artifacts and separated breast structures. According to 
Gershon-Cohen et al. [26], these features significantly ad- 


vanced mammographic imaging. In 1972, the introduction of 
a high-definition intensifying screen, held by a vacuum in 
intimate contact with a single-emulsion film, revolutionized 
film mammography (Fig. 4B) [27]. The new film-screen com- 
bination permitted rapid automatic processing, a shorter ex- 
posure, a decrease in motion unsharpness, and a greatly 
reduced dosage. Further advances in dedicated film-screen 
mammography units included the capability to produce mag- 
nified images and the use of grids to reduce scattered radia- 
tion (Fig. 4C) [28-30]. 

Wolfe [31] and Martin [32] popularized xeromammography 
(Fig. 5A) through their publications and teaching programs. 
Recently, advances in xeromammography have been directed 
toward reducing surface exposure through the use of in- 
creased aluminum filtration and negative-mode processing 
(Fig. 5B) [33]. Xerox has just introduced a black-liquid-toner 
development process that provides improved image resolu- 
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Fig. 5.—Evolution of xeromammography. 
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Because of space limitations, these images were cropped in the editorial office, significantly decreasing the amount of breast tissue actually depicted 


in the original images. 


A, 1973 positive-mode xeromammogram, Xerox 125 processing system, powder toner, single phase, overhead 1.2-mm tungsten target, 0.5-mm 
aluminum filtration, 76-cm source-image distance, and technical factors of 40 kVp and 300 mAs. Carcinoma in upper hemisphere. 

B, 1978 negative-mode xeromammogram, Xerox 125/6 processing system, powder toner, single phase, overhead 1.2-mm tungsten target, 2.5-mm 
aluminum filtration, 80-cm source-image distance, and technical factors of 50 kVp and 200 mAs. Normal examination. 

C, 1987 negative-mode xeromammogram, Xerox 175 processing system, black liquid toner, Xerox 120 dedicated unit (three phase), 0.3/0.6-mm 
tungsten target, 2.6-mm aluminum filtration, 80-cm source-image distance, technical factors of 48 kVp and 75 mAs, and enhanced photoreceptor sensitivity. 


Carcinoma in lower hemisphere. Courtesy of Xerox Corporation. 


tion and broad area contrast, with a corresponding reduction 
in exposure made possible through enhanced photoreceptor 
sensitivity (Fig. 5C). 

Clinical investigations have failed to reveal a significant 
difference in accuracy between film-screen mammography 
performed with dedicated equipment and xeromammography 
[34]. Although film-screen mammography currently requires 
less radiation than does xeromammography, developments 
in both techniques have been characterized by significant 
dose reduction compared with previous radiographic methods 
[35]. 

Using state-of-the-art equipment, mammographers have 
learned to identify subtle, indirect signs of breast cancer in its 
earliest stage, when there is a high likelihood for cure. In 
addition to calcifications, these early signs include architec- 
tural distortion, a developing neodensity, parenchymal asym- 
metry between right and left breasts, and a unilateral focus 
of one or several prominent ducts [36, 37]. Radiologists have 
also developed guidelines for managing equivocal findings 
[38]. 

The detection of more nonpalpable cancers has resulted in 
a need for better methods to locate these lesions before 
surgery. In 1966, Berger et al. [39] recommended preopera- 
tive localization by means of precise descriptions and carefully 
prepared diagrams. They also emphasized the importance of 
specimen radiography to ensure that the suspicious area was 
removed. Inserting a needle directly into the area of suspicion 
and leaving it in place to guide the surgeon proved to be a 
more accurate method for prebiopsy localization [40]. A dye, 
sometimes mixed with a radiopaque contrast medium, can 
also be injected through the properly placed needle in or near 
the nonpalpable lesion [41]. More recently, needle/wire 
systems have been developed especially for localizing non- 


palpable breast lesions [42-45]. Malleable, barbed-tip, self- 
retaining wires are less likely to be displaced during mam- 
mographic compression or at surgery. Special compression 
devices have been designed to guide needle placement [46], 
and researchers continue to develop useful variations in lo- 
calization methods [47-48]. 

In the late 1970s, the future of breast cancer screening 
with mammography seemed to be doomed because of public 
fears of radiation-induced carcinoma. However, recent im- 
provements in the ability of mammography to detect early, 
curable cancer, in conjunction with markedly lower radiation 
doses, have enabled radiologists to show that the benefits of 
mammography far outweigh the theoretical risks [49-50]. 


Underutilization of Mammography: Responding to the 
Challenge 


In 1955, Gershon-Cohen and Ingleby [51] lamented the 
underutilization of mammography because “periodic roent- 
genographic studies of [ostensibly] normal breasts could be 
is now usually done in patients who accidentally discover the 
lesions.” Since that time, mammography has progressed to 
used effectively to detect and care for carcinoma earlier than 
the point where it is now universally endorsed as the most 
effective method for early breast cancer detection [52]. 

The challenges that face mammography in the future are 
both difficult and fascinating. They include working toward 
the ultimate goal of universal screening for all women, training 
an adequate number of qualified personnel to perform and 
interpret the mammograms generated by universal screening, 
and, finally, further defining the tenuous line that separates 
mammographically discovered lesions that require biopsy 
from those that do not. 
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SMALL INTESTINAL ENEMA* 


By RICHARD SCHATZKI, M.D. 


BOSTON, MASSACHUSETTS 


HE examination of the small intestine 

has always been a stepchild of roent- 
genology. In all other parts of the gastro- 
intestinal tract the examination is per- 
formed by observing roentgenoscopically 
the actual filling of the organ in question 
and then by studying the partially or com- 
pletely filled organ. If the usual roent- 
genological methods are used such an ex- 
amination of the small intestine is not 
possible due to the obstacle which the py- 
lorus causes in the continuous outflow of 
barium. 

It seemed likely that a satisfactory ex- 
mination of the small intestine would be- 
come possible if the barium were intro- 
duced through a duodenal tube. In this way 
the filling of the small intestine would be- 
come similar to that of the colon through a 
rectal tube; it would in fact be an enema ex- 
amination of the small intestine. The 
initial tests were surprisingly satisfactory. 

A review of the literature showed that a 
similar procedure had been proposed inde- 
pendently in three previous publications. 
Various authors had used a tube in order 
to study the duodenum roentgenologically, 
but Pesquera? (1929) was apparently the 
first to recommend the use of the duodenal 
tube for a continuous filling of the small in- 
testine in the sense outlined above. He was 
followed by Ghelow and Mengis? (1938) 
and by Gershon-Cohen and Shay! (1939). 
The last two authors called the method 
barium enteroclysis. All essential features 
of the subject are contained in their short 
but comprehensive article. We have used 
the tube examination of the small intestine 
(at first without knowledge of the preceding 
publications) in approximately 75 cases. 
The results have been encouraging enough 
to recommend its use as a routine pro- 
cedure. 


METHOD OF EXAMINATION 


Aside from the necessity of an empty 
stomach, a special preparation is not re- 
quired. An empty colon is helpful but not 
obligatory. A soft rubber tube with a metal 
olive tip (Rehfuss tube) is introduced into 
the duodenum through the mouth. In sen- 
sitive patients it may be advisable to insert 
the tube without the olive through the 
nose and attach the olive when the tip of 
the tube has appeared in the oral pharynx. 
The patient is ready for the examination as 
soon as the olive is in the duodenum. 

As contrast substance we use a mixture 
which is thinner than that used for our 
usual gastrointestinal examination (equal 
parts of water and barium by volume). For 
the small intestinal enema two glasses of 
lukewarm water are added to one glass of 
the usual barium mixture. This corre- 
sponds approximately to 6 parts of barium 
to 20 parts of water by volume. Some pa- 
tients complain of uncomfortable sensa- 
tions in their throats unless the mixture is 
lukewarm. 

Five hundred to 1,000 cc. are necessary 
to examine the small intestine. In cases 
with marked reflux of barium into the 
stomach larger amounts have been used 
occasionally but have proved to be of no 
help. 

In order to inject the barium mixture, we 
started by using a syringe. We now find it 
more advantageous to let the barium run 
from a small pint container (transfusion 
flask) which the attendant holds over her 
head. This guarantees a more continuous 
flow of the barium, which we believe to be 
essential for the success of the examination. 
In most instances the pylorus prevents an 
appreciable amount of barium from getting 
into the stomach, but in some cases there is 
a very disturbing reflux into the stomach. 


* From the Department of Radiology, Massachusetts General Hospital, Boston, Massachusetts. Presented at the Forty-third 
Annual Meeting, American Roentgen Ray Society, Chicago, Ill., Sept. 15-18, 1942. 
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Fic. 1. Normal small intestinal enema. The itleocecal valve was reached at the end of eleven minutes. Æ, 
roentgenogram taken sixteen minutes after the beginning of the examination. B, roentgenogram taken 
thirty-six minutes after the beginning of the examination. 


This reflux is usually not remedied, as 
might be expected, by lowering the enema 
can and thereby decreasing the duodenal 
pressure. For one thing, lowering of the 
can beyond a certain point is impossible 
without impeding the progress of the bari- 
um column; for another, the reflux is de- 
pendent not only on pressure in the duo- 
denum, because it may occur in a patient 
whose duodenum 1s incompletely filled. 

The filling of the intestine is observed 
roentgenoscopically. In most normal cases 
it is possible to follow the head of the bari- 
um column; in other cases it is not possible, 
because the filling of the small intestine is 
retarded, usually by reflux of barium into 
the stomach. 

In order to avoid overexposure, it is ad- 
visable to roentgenoscope with only 2 to 3 





Fic. 2, Normal small intestinal enema in a patient 
with colonic polyposis. (The cecum was reached in 
eight minutes. This roentgenogram was taken 
fifteen minutes after the beginning of the examina- 
tion.) 
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Fic. 3. Normal ileocecal valve demonstrated by small intestinal enema. 


ma., which will provide a perfectly satis- total time of roentgenoscopy within the 

factory light for examination of the small zone of safety. 

intestine. Care should be taken to keep the The barium reaches the cecum in a sur- 
prisingly short time. In 35 normal cases the 





Kic. 5. Clinical diagnosis: treated cancer of cervix; 


Fic. 4. Clinical diagnosis: actinomycotic abscess in question of intestinal obstruction. Small intestinal 
right flank; questionable involvement of cecum enema: three loops of small intestine adherent to 
and ileum. Small intestinal enema: mass displacing pelvic mass (see arrows); no obstruction at pres- 
cecum and ileum; no involvement of the intestines. ent. Congenital absent rotation of small intestine 
(Cecum was reached in thirteen minutes. This as an accidental finding. (Cecum was reached at 
roentgenogram was taken at the end of thirty the end of thirty-five minutes. This roentgenogram 


minutes. ) was taken at the end of twenty-seven minutes. ) 
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Fic. 6. Small intestinal enema in a 
case of regional ileitis. The narrow 
terminal ileum was clearly visible 
during the roentgenoscopy. (See 
arrows on spot film, B.) (The ce- 
cum had not been reached at the 
end of thirty minutes. These roent- 
genograms were taken at the end 
of sixty-five minutes.) 


average time was fifteen minutes. Theearli- filling require more than twenty minutes 
est filling of the cecum occurred in five (22, 26, 30 and go minutes). In all except 
minutes. In 4 normal cases only did the the first of these cases marked reflux of 
barium into the stomach caused the delay. 
In most pathological cases more time was 
required, the average being thirty-seven 
minutes in 19 checked cases. 

Constant flow of the enema fluid is nec- 
essary. Any interruption will delay the ex- 
amination markedly. The impression is 
sometimes gained that the filling of the 
small intestine actually has to start anew 
after an interruption. 

Ghelew and Mengis, as well as Gershon- 
Cohen and Shay, have used insufflation of 











Fic. 7. Extensive regional ileitis (arrows). Smal] in- 
testinal enema outlines not only the disease but 
also the approximate length of the uninvolved 
small intestine. (The cecum was reached at the 
end of fifteen minutes. This roentgenogram was 
taken at the end of ninety minutes.) 








AJR:150, March 1988 ANNIVERSARY REPRINT 











Vor. ço, No. 6 Small Intestinal Enema 747 





Fıc. 8. Ileocecal tuberculosis. Routine barium enema shows obstruction which was erroneously interpreted 





as a mass in the lower cecum. Æ, before evacuation; B, after evacuation and air insufflation. (See also 
Fig. g of the same case.) 








Hic. g. Same case as in Figure 8. [Heocecal tuberculosis. Small intestinal enema outlines the ulcerated tumor- 
forming lesion which involves the lower ascending colon and the upper fourth of the cecum (see single 
arrow). The point of obstruction lies in the ascending colon, and not in the cecum (X); the tleocecal valve 
appears stiff (see double arrow); neither the lower part of the cecum nor the ileum was involved, as is 


shown by their normal elasticity. Note the distended ileum in 4, and the distended cecum and appendix in 
C. (The dense shadows on the right side of the figures are produced by the palpating glove.) 
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air through the duoaenal tube for double 
contrast studies. We have had no experi- 
ence with this method. 


ADVANTAGES OF THE METHOD 


1. The small intestine is seen filled in its 
entirety. The resulting advantages are 
manifold. Circumscribed lesions can be ex- 
cluded with more certainty. However, in 
our series of approximately 75 patients, we 
have not seen either a small tumor or a 
Meckel’s diverticulum. The position and 
the relationship of various groups of small 
intestinal coils can be studied reliably. The 
presence or absence of small portions of 
Intestine within a hernial sac can be read- 
ily visualized. The accurate demonstration 
of the site of a small intestinal fistula is 
made possible. In cases of cicatrizing enteri- 
tis the length of grossly normal bowel proxi- 
mal to the diseased area can be estimated 
with greater accuracy than with the usual 


Richard Schatzki 
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method, a fact which may be of decisive 
importance concerning the operability of a 
given case (Fig. 7). 

2. The actual filling of the small intes- 
tinal loops can be observed roentgeno- 
scopically. The ensuing advantages for the 
discovery and study of pathological condi- 
tions are obvious. The extent of a lesion, 
its relationship to neighboring structures, 
and the presence or absence of rigidity can 
be judged with greater accuracy than with 
the usual methods. In cicatrizing enteritis 
the barium at times is spurted through the 
region of maximal narrowing, preventing 
its demonstration unless the filling is actu- 
ally seen during the enema examination. 

3. Due to the dehydration of the barium 
mixture the usual peroral examination of 
the small intestine often results in a lumpy 
incomplete filling of the ileum. The small 
intestinal enema transports the barium to 
the ileum in such short time that notice- 


ES Ne ee 





Fic. 10. Extrinsic mass clearly outlined by the small intestinal enema (abdominal lymphoma). The defect 


was constant during roentgenoscopy as shown by spot film, B. Compare with Figure 11. 


produced by the filled urinary bladder.) 


(Lower defect 
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Fic. 11. Pseudo-tumor, commonly seen, produced by interposition of non-filled loops of intestine or by 
omentum. Note disappearance of pseudo-tumor in expiration in contradistinction to true extrinsic tumor 


(Fig. 10). 4, inspiration; B, expiration. 


able dehydration does not take place. 

4. An adequate examination of the ileo- 
cecal valve, the cecum, and the ascending 
colon, with a fuid barium mixture, is made 
possible in all those cases in which an ex- 
amination by rectal enema is impossible or 
unsatisfactory (e.g., in anal insufficiency or 
in spasm of the cecum and ascending co- 
lon). (See Fig. 3, 8 and 9.) 

5. The time which is required for the 
actual examination is shortened. The re- 
duction of time is particularly striking in 
that large group of normal cases in which 
a pathological condition is to be excluded. 
In cases with a marked pathological condi- 


Fic. 12. Small intestinal enema in a patient with 
tuberculous peritonitis. Rapid filling of the small 
intestine, the cecum being reached at the end of 
six minutes; fixed position of the small intestinal 
loops. The small intestine has risen out of the true 
pelvis and occupies a smaller space than usual. 
The peritoneal cavity was found to be obliterated 
at operation. 


tion the filling time of the small intestine 
is occasionally no shorter than with the 
conventional method. 
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DIFFICULTIES CONNECTED WITH THE 
METHOD 

1. The method requires the introduction 
of a duodenal tube with its usual annoy- 
ances and difficulties. With a little experi- 
ence and patience on the part of the ex- 
aminer this procedure is not too difficult, 
and is successful in the great majority of 
cases. At the beginning of our studies we 
kept a record of our failures. In only 3 out 
of 38 attempts did the tube fail to enter the 
duodenum. The introduction of the duo- 
denal tube is much easier than that of the 
Miller-Abbott tube, and is, in fact, prac- 
tical for office procedure. 

2. The purpose of the examination is de- 
feated if the filling of the small intestine 
takes place very slowly, which in normal 
cases 1s usually due to reflux of barium 
from the duodenum into the stomach. For- 
tunately, cases with marked reflux are the 
exception, and when they are encountered 
the progress of the barium can be hastened 
by having the patient lie partially (or if 
necessary, completely) on his right side. 
Attempts to reduce reflux by the addition 
of an acid buffer to the barium mixture 
have failed so far to show result, as has 
decrease in the amount of hydraulic pres- 
sure applied, or increase in the amount of 
barium mixture used. 

3. The primary purpose of the method is 
the demonstration of organic pathology. 
Functional changes as well as a combina- 
tion of functional and organic lesions as 
seen at times in deficiency disease are usu- 
ally studied better with the conventional 
type of follow-up examination. The use of 
both methods has been worth while in some 
conditions. 


CONTRAINDICATIONS 


Aside from occasional slight cramping 
pains, which are easily overcome by lower- 
ing the enema can, we have not seen any 
harmful effect from the small intestinal 
enema. It seems wise, however, to state 
conditions which are believed to contra- 
indicate the examination: 
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1. Obviously, the examination should 
not be performed in any case 1n which the 
routine examination of the gastrointestinal 
tract is contraindicated. Therefore, the 
small intestinal enema is contraindicated in 
cases with marked mechanical or paralytic 
ileus. It has been used successfully, how- 
ever, in several cases of partial obstruction 
of the small bowel. 

2. A small intestinal enema should not 
be performed in cases with suspected gan- 
grene of the bowel (e.g., mesenteric throm- 
bosis, incarcerated hernia). 

3. It seems inadvisable to use the small 
intestinal enema in patients with an active 
duodenal ulcer. As a routine procedure it is 
therefore better to precede the enema by an 
examination of the stomach and duodenum. 
The method has been used without difh- 
culty in several cases of old inactive duo- 
denal ulcer. 

CONCLUSION 

The small intestinal enema represents an 
improvement in the examination of the 
small intestine. If successful, it is better 
than any other available method for the 
study of morphological changes in the 


small intestine. The advantages and limi- 
tations of the method are discussed. 
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DISCUSSION 


Dr. Ross Gotpven, New York City. Although, 
as Dr. Schatzki said, he did not invent this 
method, nevertheless he has done us a great 
service in calling it to our attention and in 
showing us how useful it can be. I am wondering 
whether it might not be an advantage to use a 
tube witha balloon on it, like the Miller-Abbott 
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tube, which could be inflated when the tip gets 
into the duodenum and which would promptly 
be carried around into the jejunum so that 
barium would be injected into the jejunum and 
not into the duodenum, thereby avoiding the 
reflux into the stomach. 

The injection of so much water into the small 
intestine is, of course, not physiological. One 
function of the intestine is to make isotonic 
either hypotonic or hypertonic solutions. The 
question might be raised as to whether it would 
be of advantage to use normal saline instead of 
water as the suspending medium to avoid that 
part of the unphysiological condition. There are 
obviously certain cases in which this method is 
particularly indicated. I should like to show a 
couple of slides to illustrate one such case. 

This patient was a colored woman about 
thirty-seven years old, who was bleeding from 
the intestine and had developed severe second- 
ary anemia and hypoproteinemia. Her serum 
protein was about 5.5. A regular small intestine 
study was done which showed marked seg- 
mentation but no cause for the bleeding was 
demonstrated. A Miller-Abbott tube was then 
inserted and a specimen was taken at every 
foot as it went in. At about 6 feet a positive 
guaiac test was obtained. The patient was 
explored and a polypoid adenocarcinoma of the 
lower jejunum about 3 cm. in diameter was re- 
moved. It seems as though we should have been 
able to demonstrate a mass that large in the 
lumen of the small intestine. However, the dis- 
turbance in intestinal physiology resulting from 
the hypoproteinemia, with very irregular dis- 
tribution of the barium due to the marked 
segmentation, made its detection impossible. If 
we had injected barium as described by Dr. 
Schatzki, we might have been able to demon- 
strate that tumor. 

On the other hand, we tried this method in 
another case in which we had been unable to 
demonstrate a cause for intestinal hemorrhage 
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on five or six attempts with a small intestine 
study. A small intestinal enema was done and 
again a lesion was not demonstrated. At opera- 
tion a patch of gastric mucosa was found in the 
ileum in which were two ulcers. 

This method, I believe, should be accepted as 
another string to our bow, so to speak. I should 
not like to substitute it for the routine small 
intestine study as we are now using it, because 
the latter has given us information which I do 
not believe one could get satisfactorily with 
this method, but I do believe a small intestinal 
enema will be valuable in selected cases. 


Dr. Scuatzki (closing). I thank Dr. Golden 
very much for his discussion. In regard to the 
use of saline solution, I was worried for a while 
about washing out the whole small intestine, 
in fact cleaning it out with the enema, but ac- 
tually nothing seemed to happen. The patients 
felt perfectly all right. The method is certainly 
unphysiological as are all our routine barium 
examinations of the gastrointestinal tract. I 
wonder whether the use of saline solution would 
make the procedure more physiological. 

We first thought that it would be necessary 
to introduce the tube down to the jejunum. 
The position of the tube in the jejunum proved, 
however, to be no definite protection against 
reflux of barium into the stomach. Although a 
position of the tube low in the duodenum or in 
the first loop of jejunum is desirable, a success- 
ful examination is possible as long as the tip lies 
beyond the pylorus. 

A few words in regard to those small lesions 
which escape one or several examinations: I 
think the small intestine is the most difficult 
part of the intestinal tract to examine because it 
has such an extremely thin wall and is so mark- 
edly flexible. There may be quite a large lesion 
occupying one-fourth of the circumference and 
still the flexibility of the remaining three- 
fourths makes the intestine appear completely 
normal. 


The reader's attention is directed to the Commentary on this article, which appears on pages 510-511 of this issue. 
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Richard Schatzki, M.D.: A Biography 


Stefan C. Schatzki' 


Approaching his 
87th birthday, Rich- 
ard Schatzki contin- 
ues to have the lively 
intellect and curiosity | i 
that has led to sucha > £ 
large number of fun- = 
damental contribu- 
tions to radiology. 
While he was remin- 
iscing about his pa- 
per on the small in- 
testinal enema, he 
mused, “It dawned 
on me how important 
the pylorus was. Now 
you could do a small 
bowel study just like 
a barium enema.” 

Richard Schatzki 
was born on Febru- 
ary 22, 1901, in Clafeld, a small suburb of Siegen in Germany. 
His father was an engineer and died while Richard was a 
small boy. Richard and his four brothers, all of whom became 
extremely successful, were nourished by the strength and 
wisdom of their mother. 

After attending local schools, Dr. Schatzki entered medical 
school when he was 19 years old. As was true for most 
German medical students of his day, he spent time at a 
number of medical schools, graduating from the University of 
Berlin in 1925. He received his M.D. after internships on the 
medical service at the West End Hospital in Berlin and the 
surgical service of the University Hospital in Frankfurt am 
Main. His original thinking was already apparent in the dis- 
cussion of his M.D. thesis, in which he questioned the rela- 
tionship between some of the rheumatoid diseases, derma- 
tomyositis, polymyositis, and scleroderma. Unfortunately, his 
professor crossed out this part of the discussion before 
publication of the thesis. 

Dr. Schatzki spent 1926-1929 on the medical service at 
the University Hospital in Frankfurt am Main. At first, he was 
not certain whether to become a surgeon or an internist. 
Because he believed that some knowledge about radio- 





graphic diagnosis would help him in either career, he con- 
tacted Dr. Hans Heinrich Berg, an internist who at that time 
was head of the radiology department of the medical clinic at 
Frankfurt. Originally Dr. Schatzki planned to spend only 2 
months with Dr. Berg, but he stayed for 15 months. However, 
he did not immediately continue in radiology but worked for 
2 additional years on the medical service as head of one of 
the wards at the University Hospital. 

During these 2 years, both he and Greta Stern, another 
young internist, realized that he was getting less gratification 
from internal medicine than he wanted. In 1929, following a 
recommendation by Dr. Berg, Dr. Schatzki accepted an ap- 
pointment by Professor Paul Morawitz and became chief of 
the radiology department in the medical clinic at the University 
Hospital in Leipzig. One year later, he married Greta, thus 
beginning a close partnership that lasted for more than 50 
years. 

While in Leipzig, he published the first of numerous articles 
that were to have such a profound effect on gastrointestinal 
radiology. In 1931, he presented the first in-depth discussion 
of esophageal varices and the initial description of gastric 
varices. The same year he published the first of several 
articles that were to emphasize the importance of relief stud- 
ies in the gastrointestinal tract. Two years later, he described 
the first fluoroscopic demonstration of erosive gastritis, an 
entity that has been recently rediscovered, and his definitive 
Acta supplement on relief studies of the esophagus, which 
was to have been his Dozent thesis, was published. As was 
true in later years, in addition to these papers that presented 
fundamental advances in gastrointestinal radiology, he pub- 
lished a number of articles in other areas, including one of the 
first descriptions of the radiographic findings in coarctation of 
the aorta and calcification of the adrenal gland in tuberculosis. 

In 1933, Dr. Schatzki left Germany and arrived, without a 
position, in Boston. He was met by Dr. Alice Ettinger, another 
of Berg’s students. At Dr. Ettinger’s suggestion, he went to 
Massachusetts General Hospital (MGH), where 1 week later 
he gave a lecture on relief studies of the esophagus, which 
he presented in English and, in the German tradition, without 
notes. Shortly afterward, Dr. George Holmes offered him a 
position as an assistant in the radiology department, without 
pay. A small stipend from a committee for displaced scholars 
allowed Dr. Schatzki to remain in the department until 1935, 
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when a paid position became available. He remained at MGH 
until he entered the Army in 1943. Between 1933 and 1943, 
Dr. Schatzki obviously had a profound effect on the trainees 
in the radiology department, and, as he reminisces about his 
years at MGH, he believes that he had an equally great 
influence on the physicians in the department of medicine. He 
points out that during these years, there was little formal 
teaching in the radiology department, and that most instruc- 
tion resulted from the interactions between him and the 
residents while he interpreted films. 

As a native of Germany, Dr. Schatzki did not have to serve 
during World War Il. However, feeling a deep debt to this 
country, and after a great deal of effort, he was able to 
persuade the Army to accept him. He served on active duty 
from June 1943 to April 1946 and reached the rank of 
lieutenant colonel. Most of this time was spent as chief of 
radiology services at McGuire Hospital in Richmond, VA. 

After World War Il, Dr. Schatzki left MGH and became chief 
of the Radiology Department at the Mount Auburn Hospital 
in Cambridge, MA. He stayed in that position until 1967 and 
continued to work until the age of 82. He was largely respon- 
sible for changing Mount Auburn from an unsophisticated 
community hospital into one of the Harvard teaching hospitals. 
The department grew from two diagnostic rooms in 1947 to 
a modern 13-room department with its own residency pro- 
gram in diagnostic radiology; in 1984, it was named the 
Richard Schatzki Department of Radiology. For many years, 
Dr. Schatzki's elective in radiology was one of the most 
popular electives for medical students at Harvard. One month 
of Dr. Schatzki’s inspired teaching of radiology had profound 
effects on several generations of medical students, resulting 
in several career changes and a number of present-day lead- 
ers in radiology. 

Starting in 1931, Dr. Schatzki made a large number of 
seminal contributions to radiology. He believes that the rec- 
ognition of the lower esophageal ring is perhaps his most 
important contribution. In a series of articles between 1953 
and 1963, together with Dr. John E. Gary, he described and 
defined this important entity, which is now generally known 
as the “Schatzki ring.” Although the ring is perhaps best 
known to the general medical public, a critically important 
concept for radiologists was presented in his 1958 article, 
again with Dr. Gary, describing the face-on demonstration of 
ulcers in the stomach. The statement that “the lesser curva- 
ture is observed face-on while the barium ebbs and flows like 
a wave across the beach, leaving holes filled with water” 
epitomizes the art of fluoroscopy for which Dr. Schatzki was 
famous. This technique is now called the Schatzki position by 
many radiologists. In 1942, together with Dr. Lloyd Hawes, 
he presented the first in-depth discussion and analysis of 
intramural extramucosal lesions of the gastrointestinal tract 
and supported that analysis by experimental data. Two years 
later, after publication of the small intestinal enema paper, he 
and Dr. Clinton Hale provided the initial description of the 
entire gastrointestinal spectrum of scleroderma. In addition, 
his contributions include many articles covering a wide spec- 
trum of gastrointestinal entities, as well as important descrip- 
tions of (1) the pulmonary findings after the tragic Coconut 
Grove fire and (2) the bone changes resulting from frostbite, 
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which were discovered during the Korean War. 

Dr. Schatzki’s creative initial descriptions and discussions 
of varices, gastrointestinal relief studies, erosive gastritis, 
intramural extramucosal lesions, small intestinal enema, face- 
on demonstration of ulcers, scleroderma, and particularly the 
lower esophageal ring require no further elaboration. How- 
ever, he perhaps has had an equal influence in emphasizing 
the “art” of fluoroscopy to several generations of radiologists. 
Not only in his direct work with residents but also in many 
postgraduate courses, he emphasized that proper fluoro- 
scopic technique was essential to successful gastrointestinal 
fluoroscopy. He thus became revered by many radiologists. 
In addition, he was the physicians’ radiologist. Many problem 
gastrointestinal cases, not only in Boston but elsewhere in 
the Northeast, were referred to Dr. Schatzki for definitive 
interpretations. Some of his philosophy about fluoroscopy 
was stated in a 1966 editorial discussing the impact of screen 
intensification. The title of the editorial was “You Still Have to 
Work For It.” 

In accordance with his distinguished career, Dr. Schatzki 
has been honored by his profession. He was an associate 
Clinical professor of Radiology at Harvard Medical School and 
president of the New England Roentgen Ray Society. In 
addition to having been a member of most of the national and 
local radiology societies and a vice president of the American 
Roentgen Ray Society, he became an honorary member of 
the radiology societies of Brazil and Colombia. He presented 
a number of memorial lectures, including those honoring Drs. 
Caldwell, Holmes, Pancoast, Soule, and Golden. In 1973, the 
Society of Gastrointestinal Radiologists presented its second 
Walter B. Cannon Medal to Dr. Schatzki. 

Dr. Schatzki has had many outside interests. He is an 
accomplished pianist. For many years, some radiologists 
recognized that an effective way to get Richard Schatzki to 
speak out of town was to arrange an excellent quartet or trio. 
This interest led to close friendships with other physicians 
and radiologists who are musicians. In addition, Dr. Schatzki 
has given benefit concerts in the Boston area. He and Greta 
enjoyed many cultural activities and traveled extensively 
worldwide, often in response to requests for to Dr. Schatzki 
to give papers. The Schatzki household was warm and close, 
and Richard and Greta proudly followed the careers of their 
two sons, Stefan, a radiologist, and George, a law school 
dean. 

Richard and Greta Schatzki were inseparable for more than 
50 years. In 1981, Greta, Dr. Schatzki’s wife, best friend, and 
major source of support, suddenly passed away. Dr. Schatzki 
retired in 1983, and since his retirement, he has finally been 
able to devote adequate time to his continuing interest in 
music, which has included public performances, as well as 
his many other interests. 

During my recent discussion with him about the “small 
intestinal enema,” the present routine examination of the small 
bowel, and enteroclysis, he stated simply, “The principles are 
the same. It’s just easier to position the tube.” Now almost 
87 years old, Richard Schatzki maintains a continual inquiring 
interest in radiology, which he has so profoundly influenced 
for half a century. 
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Small Intestine Enema 


Harley C. Carlson’ 


A friend who had just retired from active practice once 
remarked to me that one interesting aspect of maturing is 
that, as time goes on, less and less is new. Certainly, diag- 
nostic radiology has witnessed many astounding new devel- 
opments, but, apparently, enteroclysis is not one of them. 
Richard Schatzki in his 1948 article, “Small Intestinal Enema” 
[1], displayed his usual plainly stated, factual, and gentlemanly 
style. He reported that he had used the procedure on several 
patients, had found it advantageous, and then had searched 
the literature, only to find that at least three parties already 
had reported having used the method [2-4]. The earliest 
article was by Pesquera [2] in 1929, published while he was 
working in the Department of Roentgenology of the Metro- 
politan Life Insurance Company Sanitorium. Schatzki gave all 
three articles credit and went on to recount his own experi- 
ence. 

The advantages (rapid infusion allows controlled distension 
of the gut, and fluoroscopic observation of the rapidly ad- 
vancing barium column is possible with very little flocculation 
of the barium) and the disadvantages (intubation is uncom- 
fortable for the patient and time-consuming for the radiologist) 
described by Schatzki are those widely agreed upon today. 
Even the published prepared discussion of his paper (a prac- 
tice we should consider emulating today) was prophetic. Ross 
Golden suggested using a balloon-tipped tube to promote 
passage into the jejunum and prevent reflux into the stomach. 

Another question raised by Golden was whether opaque 
material given via an enema tube would impair the assess- 
ment of the physiology of the small intestine. After all, the 
early use of X-ray imaging of the gut by Walter Canon [5] 
was for the purpose of studying the gut’s movements and 


the effect of those movements on its contents. Schatzki 
seemed convinced, however, that the purpose of the exami- 
nation was the demonstration of organic pathologic change, 
and this view prevails even today, with a few special excep- 
tions. 

The story of the small-bowel enema parallels to some 
extent that of the double-contrast barium enema of the colon, 
which was first reported shortly after World War |, used 
sporadically, largely abandoned, and then rejuvenated and 
extolled by enthusiastic advocates up to the present time. 
Today, many believe that the double-contrast barium enema 
is the preferred method for almost all circumstances. 

Comparisons of the oral small-bowel examination and en- 
teroclysis usually have shown that the enema takes less total 
time but more fluoroscopic and room time to perform and 
results in considerably more discomfort for the patient, chiefly 
because of the intubation required. Sensitivity has been found 
to be similar by some, but most reports conclude that the 
small-bowel enema is decidedly better than the so-called 
routine small-bowel follow-through [6-11]. Some advocates 
find it superior for the detection of all types of pathologic 
processes, and others regard it as especially useful in the 
demonstration of Meckel diverticulum and partial obstruction 
due to adhesions. In one report [12], the authors found that 
the small-bowel follow-through had missed about 60% of 
ultimately “proved” cases of regional enteritis, whereas the 
small-bowel enema missed only 5%. This article so piqued 
my interest that | undertook my own study [13]. Seventy-four 
new cases with a final clinical diagnosis of regional enteritis 
were studied over a period of about 6 months. The large- 
volume per-oral small-bowel examination with frequent fluo- 
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roscopy and vigorous manual compression was used in the 
examination of these patients. The findings were highly ac- 
curate for the assessment of regional enteritis, agreeing with 
the clinical diagnosis or surgical findings in about 95% of 
cases. 

Why the difference in the results of these two studies of 
regional enteritis? | am convinced that the difference is in the 
use of fluoroscopy as the primary means of visual data 
gathering together with aggressive manual compression and 
manipulation in a variety of positions, carried out frequently 
and with a large volume of barium. Administering barium by 
tube directly into the jejunum often allows almost continuous 
progressive opacification of most of the small bowel, a very 
satisfying Sequence, especially if fluoroscopy and manual 
compression are done. However, opacification also can be 
controlled fairly effectively by having the patient drink a large 
volume of barium over a short period of time. The stomach 
empties exponentially, a certain fraction of the content leaving 
each unit of time. If a large volume of fluid is put in, a large 
volume leaves per unit time. When such a large volume of 
standard commercial barium suspension is used, about half 
of our patients finish in 30 min after two fluoroscopic exami- 
nations, and about 80% finish in 45 min after three fluoro- 
scopic examinations. Fluoroscopy must be used as the actual 
means of producing diagnostic information and not simply as 
a guide to positioning the patient for the production of films. 
The decisive observation of the fluoroscopic image, as out- 
lined, produces much more diagnostic information than do 
the production and interpretation of films. 

Of course, if films are relied on for virtually all of the 
diagnostic information, enteroclysis probably has the capabil- 
ity of producing a much more complete film record, especially 
if the double-contrast methylcellulose method is used. Like 
the double-contrast barium enema of the colon, the procedure 
and the production of films can be learned in a short period 
of time. Interpretation of the films is a much more complex 
matter. Primary diagnostic fluoroscopy also requires a more 
prolonged on-line learning experience under the guidance of 
an experienced teacher. 

During the past year, we have tried to encourage gastroen- 
terologists to order enteroclysis by telling them of possible 
advantages of the method and by making it as easy to order 
as the oral examination. This has given us some experience, 
but we have been disappointed with the rate of use. Conver- 
sations with the referring physicians indicate that they are (1) 
generally satisfied with the sensitivity of the oral-fluoroscopic 
examination and (2) reluctant to subject patients to the dis- 
comfort of intubation unless the possible gain in diagnostic 
information is substantial or unique. My experience with use 
of the small-bowel enema allows me to make a few tentative 
observations: (1) Examination of the small intestine is still a 
difficult procedure whether the barium is administered orally 
or via an enema. (2) In both methods, overlapping loops in 
the pelvis are capable of obscuring substantial pathologic 
processes. (3) The greatest bonus in diagnostic information 
obtained during the procedure comes from the fluoroscopy 
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of the advancing barium column. If manual compression and 
frequent repositioning of the patient are added, the bonus is 
multiplied. (4) Occasionally, the examination can be tailored 
to address a particular diagnostic question, but the system- 
atic, objective demonstration of the anatomy of the entire 
small intestine must be the aim of every examination. 

The wisdom of Golden in his discussion of Schatzki's paper 
can be embraced by many: “This method, | believe, should 
be accepted as another string to our bow, so to speak. | 
should not like to substitute it for the routine small intestine 
study as we are now using it. . .” [1] 

| called Dr. Schatzki on the telephone to chat with him 
about this paper. His memories about enteroclysis were a bit 
hazy, but he remembered using the procedure with some 
regularity. His son, Stefan Schatzki, who practiced radiology 
with him at Mount Auburn Hospital in Cambridge for a number 
of years, recalled that the small intestine enema was used 
quite sparingly, usually after the results of an oral study were 
negative and in the face of high clinical suspicion of small 
bowel disease. Also, in patients intubated for the treatment 
of clinical small bowel obstruction, the procedure was used 
to show the site, degree, and nature of the obstructing 
process. The elder Dr. Schatzki is keeping himself busy and 
alert. When | called, he was with his piano teacher, preparing 
for a performance. He remarked that he was still not too old 
to have a teacher. 
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Overcoming Motion in Abdominal MR Imaging 


Michael L. Wood,' Val M. Runge,” and R. Mark Henkelman® 


Periodic motion not only blurs MR images but also causes 
a unique image artifact [1-3], consisting of ghostlike replicas 
of moving anatomic structures. These ghosts can obscure 
abnormalities when they become superimposed on other 
Structures. The abdominal motion that is part of respiration 
certainly is not the only source of motion artifact, but it is the 
single factor most detrimental to MR imaging of the body. 
Abdominal viscera such as the liver can be displaced as much 
as 75 mm superiorly to inferiorly during deep breathing [4], 
and the average displacement is about 14 mm [5]. Usually fat 
has high image intensity, and consequently its movement 
creates the most conspicuous ghosts. In fact, the anteropos- 
terior displacement of fat on the abdominal wall can be as 
much as 15 mm, which typically corresponds to 10 pixels in 
an MR image. Clearly there is much individual variability in the 
amplitude, period, and pattern of respiratory motion, with 
some diseases of the heart or lungs producing exaggerated 
breathing. 

Numerous methods have been advanced for diminishing 
motion artifacts. It is the purpose of this article to explain the 
characteristics and causes of motion artifacts and then to 
review the various methods designed to suppress them. Table 
1 lists the most common respiratory motion artifact suppres- 
sion methods and provides some common acronyms or a 
brief explanation. The methods have been classified according 
to whether the motion of the patient needs monitoring, and 
this is the order in which each method is explained in a 
subsequent section. Since no method is completely effica- 
cious on its own, we begin with a description of the ways in 
which motion artifacts arise. 


Characteristics of Motion Artifacts 


The ghosts that arise from moving anatomic structures are 
unique to the Fourier imaging technique [6]. Two-dimensional 
Fourier MR images have a frequency-encoding direction and 
a phase-encoding direction, which arise after separate Fourier 
transforms to the rows and columns of measured data, re- 
spectively. This separation of frequency and phase encoding 
is inherently responsible for the propagation of ghosts into 
the phase-encoding direction of MR images. 

Frequency encoding is achieved much more quickly than 
phase encoding. In about 10 msec, all of the spatial informa- 
tion in the frequency-encoding direction is encoded by the 
readout gradient into differences in frequency. In contrast, 
128 or 256 separate acquisitions are required to encode 
spatial information in the phase-encoding direction. With TR 
times greater than 1 sec, phase encoding requires several 
minutes. Respiratory motion introduces a modulation into the 
phase-encoded data, which appears as periodically displaced 
ghosts in the phase-encoding direction of the resulting MR 
image. Figure 1 shows that the choice of phase-encoding 
direction affects the overlap of ghosts with other structures. 
Note the high-intensity ghost from pulsatile flow in the aorta, 
which falls on top of the right lobe of the liver in the lower 
image. The preferred orientation for phase encoding depends 
on the anatomic site, slice orientation, and diagnostic task. 

Before motion-artifact formation was well understood, it 
was hoped that the predominantly anteroposterior abdominal 
motion would not create ghosts when the phase-encoding 
direction was mediolateral instead of anteroposterior. How- 
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TABLE 1: Methods for Suppressing Abdominal Motion Artifacts 


SSS SS EE ES SS Stee ce REA E, 

Monitoring required: 

O Respiratory gating 

O Reordering of phase encoding (ROPE, COPE, Exorcist) 

No monitoring required: 

O Physical restraining 

O Breath-holding 

O Restricting the field of view 

O STIR? 

CL) Averaging of data 

O Pseudogating (synchronization of imaging with respiration) 

O Gradient moment nulling (correction for motion between excitation 
and readout, gradient moment reduction, MAST”) 

SS ES a ST ES SE EE ERE EET ET 
Note.—ROPE, COPE, and Exorcist are all patented methods used for the 

reordering of phase encoding. (See text for explanation.) 
* Short-tau inversion recovery. 
° Motion artifact suppression technique. 


ever, it was shown that motion in any direction causes ghosts 
in MR images [3, 7, 8]. Periodic motion of a drop of oil in all 
three orthogonal directions generated ghosts in the phase- 
encoding direction of Figure 2, showing that no direction of 
motion is immune to ghosting. 


Separation of Ghosts 


Neither the direction nor the amplitude of motion affects 
the separation of ghosts. The number of pixels Y, between 
two consecutive ghosts depends on the total imaging time 
divided by the period of motion, as given below. 


Ta x Nay x TR 
———— (1) 


Here Yia is the total number of pixels across the field of view, 
Nav is the number of acquisitions averaged before each new 
phase-encoding step, TR is the repetition time, and T is the 
period of motion. The influence of the factors on the right- 
hand side of equation 1 is shown in Figure 3. In fact, the 
validity of this equation can be tested by plugging the values 
given in the Figure 3 legend into equation 1. 

Ghosts that would have appeared beyond a boundary of 
the images in Figure 3 were wrapped around to the opposite 
side. This is due to a phenomenon called aliasing, which is 
regularly encountered in MR imaging [9]. Aliasing occasionally 
places two different ghosts in close proximity, as seen in 
Figure 3. Substitution of common imaging parameters in 
equation 1 reveals that aliasing of ghosts is common. As will 
be shown later, it is even exploited deliberately in the method 
called pseudogating. 


Intensity of Ghosts 


The intensity of ghosts depends on the amplitude of motion 
and the intensity of the moving structure [10]. Higher-order 
ghosts, which belong farther from their source structure, are 
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Fig. 1.—Two 1.0-T transverse images exhibiting ghosts from periodic 
movement of fat on anterior abdominal wall and pulsatile flow of blood in 
aorta and vena cava. Details of imaging technique include spin-echo (600/ 
17, averaging of two acquisitions of data, 10.0-mm slice thickness, and 
256 x 256 pixels across a 417-mm field of view. Each arrow points to a 
column of ghosts in phase-encoding direction, which was anteroposterior 
for upper image and mediolateral for lower image. 


less intense [10]. The physical displacement measured in 
terms of the number of pixels traversed, rather than the 
displacement in centimeters, is the appropriate parameter 
determining ghost intensity. Motion across more pixels not 
only increases the intensity of ghosts that were already con- 
spicuous, but also raises the intensity of ghosts that were 
previously inconspicuous. 

The intensity of a ghost is also proportional to the intensity 
of the moving anatomic structure that created the ghost. Both 
the imaging technique and characteristics of the MR system 
are important here. In fact, greater image intensity relative to 
noise makes ghosts more conspicuous in high-field images 
[10]. The practice of averaging fewer acquisitions of data and 
using narrower pixels at high-field strengths also contribute. 
Because of the high MR image intensity of fat in most imaging 
techniques, the most conspicuous ghosts usually arise from 
the anterior abdominal wall. However, other moving struc- 
tures generate ghosts, too. 

Ghosts add to or subtract from the image intensity of 
underlying tissues. Addition results in a bright artifact, which 
mimics certain diseases on T2-weighted images. Conversely, 
subtraction leads to a darker region, which can mimic disease 
on T1-weighted images. Motion not only degrades the image 
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Fig. 2.—Four separate MR images of a drop of oil illustrating that 
periodic motion in any direction generates ghosts in the phase-encoding 
direction. Blurring of drop itself identifies direction of motion. For clarity, 
only a central slab of each image has been displayed. Drop was stationary 
in A, but it moved periodically in frequency-encoding, phase-encoding, and 
slice-selection directions for B, C, and D, respectively. (Reprinted with 
permission [1].) 


contrast of stationary structures through the interference of 
ghosts, but the ghosts extract image intensity from the mov- 
ing structure, which makes it appear less intense than if it 
had remained stationary. 


Motion Artifact Suppression Methods 


Methods for suppressing motion artifacts can reduce either 
(1) the motion, (2) the image intensity of moving structures, 
or (3) phase-encoding errors induced by motion. Some meth- 
ods impose constraints on the selection of pulse sequences 
and timing parameters or limit the field of view. The most 
convenient methods do not require monitoring of patient 
motion and are compatible with the various imaging tech- 
niques in clinical use. Less convenient methods require mon- 
itoring of motion, which inevitably prolongs the time for patient 
preparation and imaging. 

The monitoring of respiratory motion involves several 
stages: a transducer, electronic hardware to process the 
transducer signal, and software to control the acquisition of 
data for the MR image. The most commonly used transducers 
are sensitive to physical displacement [11, 12]. Respiratory 
motion has no convenient physiologic trigger analogous to 
the R wave of the ECG, and it is also less regular. Not 
surprisingly, respiratory monitoring can be difficult to imple- 
ment successfully. Nevertheless, respiratory gating and reor- 
dering of phase encoding are two well-known methods that 
make use of information provided by a respiratory monitor. 
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B C D 


Fig. 3.—Factors that affect separation of ghosts are shown in these 
four images of an oil drop that moved periodically across 18 pixels in 
frequency-encoding direction. Pertinent conditions for reference image A 
included n,, = 4, TR = 0.2 sec and period T = 10.0 sec. Separation Ya 
between ghosts was 20 pixels, where Y:« = 256. Arrow in A points to the 
true location of the blurred oil drop. Conditions for other three images were 
similar, except for B, period T = 5.0 sec; for C, TR = 0.4 sec; and for D, Nav 
= 8. There were 40 pixels between each ghost in these last three images. 
(Reprinted with permission [1].) 


A 


Respiratory Gating 


Respiratory gating [11-13] allows the acquisition of data 
only when the position of the abdomen, as indicated by a 
respiratory monitor, falls within a predetermined “window.” 
Whenever this condition fails, the data for a particular phase- 
encoding step is rejected even though the RF excitations are 
performed. Consequently, the data are acceptable only during 
part of the respiratory cycle, often during end expiration, 
because that is usually the longest portion of the cycle. Such 
was the case illustrated in Figure 4B. Compared with the 
normal technique, which created Figure 4A, gating reduced 
both the ghosts and the blurring. 

An inescapable consequence of rejecting data is the pro- 
longation of image acquisition. There are at least two ways 
to prevent the imaging time from becoming too long. One is 
to apply gating for only part of the data. It has been shown 
theoretically [14] that the improvement in image quality is 
proportional to the fraction of data over which gating occurs. 
For example, if gating occurred for one-half of the measured 
data, it would be about one-half as effective as if it had 
occurred for all the data. The second way resembles the 
operation of cardiac gating and consists of triggering the 
acquisition of data as soon as the position of the abdomen 
returns inside the window [11, 12]. However, the irregularity 
of respiratory motion and the lack of a well-defined physiologic 
trigger introduce much variability in TR. Image artifacts similar 
to the ghosts from motion are the unfortunate consequence 
of variable TR [8,14]. Although these two adaptations reduce 
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Fig. 4.—Two similar 0.15-T spin-echo 500/32 MR images. Respiratory 
gating was used for lower image but not for upper image. Other imaging 
parameters included a 15-mm slice thickness, no averaging of data, and 
128 phase-encoding steps. (Reprinted with permission, courtesy of D. 
Drost and F. Proto.) 


the extra imaging time, they also reduce the effectiveness of 
respiratory gating. 


Reordering of Phase Encoding 


Artifacts, as explained in an earlier section, arise when the 
data corresponding to different phase-encoding steps exhibit 
a modulation caused by movement of the patient. When this 
modulation occurs periodically through the data, regularly 
spaced ghosts appear in the MR image. Aside from altering 
the motion of the patient, the modulation of data can be 
smoothed by reordering the sequence in which the phase- 
encoding steps of data are acquired [8, 15]. In particular, 
when data are to be acquired during periodic motion, the 
order of acquisition can be changed to make the apparent 
motion much slower. In Figure 5, reordering made it appear 
as if the patient had simply inhaled once during imaging, even 
though he really completed almost five periods of respiratory 
motion. Most important of all, unlike respiratory gating, reor- 
dering does not interrupt the steps of imaging, so the imaging 
time need not be prolonged. Reordering of phase encoding is 
a general concept, which is fundamental to the specific meth- 
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ods designated respiratory ordering of phase encoding 
(ROPE) [15], centrally ordered phase encoding (COPE) [8], 
and Exorcist (General Electric Medical Systems, Milwaukee, 
WI). 

The effectiveness of reordering can be assessed by com- 
paring the two images in Figure 6. Reordering reduced the 
ghosts, most noticeably those over the back muscles. The 
image remains blurred, however. Theoretical studies [14] 
have concluded that reordering can eliminate ghosts, while 
producing images with slightly more than the usual blurring. 
Clinical experience with these reordering methods is limited 
because of difficulties in implementation. 


Physical Restraining 


Movement of the abdomen can be restrained through the 
use of an inflexible band. The band need not be wrapped 
uncomfortably tight for it to be effective. Figure 7 compares 
an image made by using a band to restrain abdominal motion 
with one made without such a band. Greater motion occurred 
without the band, as suggested by the more extensive blur- 
ring. The intensity of ghosts was estimated through the 


Displacement of Chest During Imaging 


displacement 


time 
Normal Technique 


displacement 


=32 0 32 
phase encoding step 
Reordered 


displacement 





-128 -96 -64 -32 0 32 64 96 128 
phase encoding step 


Fig. 5.—Anteroposterior displacement of lower chest in a patient meas- 
ured for 40 sec. Peaks represent full inspiration and, conversely, troughs 
indicate full expiration. Displacement at every sixteenth phase-encoding 
step is superimposed on top curve. Middle and bottom curves show same 
displacements plotted against corresponding phase-encoding step in a 
normal MR imaging technique (middle) and one for which the steps have 
been reordered to make the displacement change more slowly (bottom). 
(Reprinted with permission [1].) 
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Fig. 6.—Comparison of two 1.5-T spin-echo 1000/25 MR images ac- 
quired normally (upper image) and by reordering the sequence of phase 
encoding (lower image). Other imaging parameters included a 10-mm slice 
thickness, a 480-mm field of view, averaging of two acquisitions of data, 
and 128 phase-encoding steps. 


standard deviation of image intensity measured within a back- 
ground region containing ghosts. This measurement was 
approximately 35% greater in the image without the band. 

Physical restraint is one of the few practical methods that 
can decrease the amount of blurring in addition to the ghost- 
ing. However, restraining the patient only reduces artifacts 
resulting from respiratory motion and leaves ghosts from the 
pulsatile flow of blood and peristaltic bowel motion. 


Breath-Holding 


The simplest method for suppressing respiratory motion 
artifacts requires the patient to refrain from breathing during 
imaging [16]. Such a restriction is possible with techniques 
for fast MR imaging, of which there are many. Despite subtle 
differences, most fast imaging techniques are capable of 
freezing respiratory motion to a similar extent. However, 
ghosts from the pulsatile flow of blood can actually be more 
conspicuous. These ghosts can be reduced either by the 
gradient moment nulling method that will be described later 
or through RF pulses that saturate tissue outside of the slice 
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[17]. As Figure 8 illustrates, the absence of ghosts and the 
sharpness of anatomic structures make breath-holding an 
attractive method. 


Restricting the Field of View 


Intense moving structures can be excluded from the field 
of view by using either surface coils or specialized techniques 
for imaging a “strip” rather than the whole plane [18]. The 
spatial presaturation methods [17] mentioned above can also 
reduce the intensity of moving structures. Surface coils are 
generally most sensitive near the coil itself. When the sensi- 
tivity is poorest near a moving anatomic structure, it can 
actually be beneficial. For example, the lower image in Figure 
9 was acquired using a surface coil, which made the intensity 
of fat on the anterior abdominal wall only a small fraction of 
that on the posterior wall close to the coil. Ghosts from 
movement of the anterior abdominal wall and also the heart 
were correspondingly less intense. 


STIR 


Short-tau-inversion-recovery [19] (STIR) uses an inversion 
recovery (IR) technique to make fat have little or no image 
intensity. This, in turn, eliminates any ghosts from the move- 





Fig. 7.—Improvement in image quality realized by restraining abdominal 
movement with an inflexible band. A band was used for lower image only. 
The two images were made with the same imaging technique as those in 
Fig. 1. Arrows indicate a recurrent liposarcoma in a patient who underwent 
a nephrectomy. 
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ment of fat. The ghost that obscures both kidneys in the 
upper image of Figure 10 is not evident in the lower image. 
which was made with STIR. It is the short T1 of fat that allows 
STIR to nullify the image intensity of fat and still achieve 
contrast between other tissues. The low contrast in the STIR 
image in Figure 10 is a serious limitation, however. 


Averaging 


Averaging is the common practice of repeating each phase- 
encoding step more than once. The usual motivation for 
averaging is to reduce the random noise in the image. As 
Figure 11 illustrates, averaging also reduces the systematic 
noise arising from ghosts, provided that the position is differ- 
ent during each acquisition. If we consider the pattern of 
ghosts that would have arisen from independent reconstruc- 
tion of each set of phase-encoding steps, the patterns would 
appear similar, except for the phases of the individual ghosts. 
The effect of averaging these sets of data together is that 
ghosts interfere destructively and sometimes even cancel 
completely [14]. Since it is difficult to construe the precise 
situation for cancellation, averaging that is implemented with- 
out specific reference to the motion still attenuates numerous 
ghosts partially [7]. Although averaging reduces ghost inten- 
sity, it does not reduce blurring [14]. 

Greater attenuation of ghosts occurs when more acauisi- 
tions are averaged. Theoretical analysis of simulated MR 
images of a moving object [14, 22] has shown the intensity 
of ghosts to be approximately inversely proportional to the 
number of averages (Fig. 12). The exact behavior depends 
on the particular motion and imaging conditions, but a similar 
trend nevertheless is observed. These theoretical predictions 
are in general agreement with experimental measurements 
on clinical images [20, 21]. 

Averaging has approximately similar effects on random 
noise, and the systematic noise of ghosts in that subsequent 
improvement becomes progressively more time-consuming. 
Averaging can be used with every imaging protocol, but 
because it prolongs the imaging time, it is more practical when 
the TR is short [16, 20, 21]. Averaging reduces the noise, 
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Fig. 8.—Two 1.0-T gradient-echo 
25/9 images each acquired in 6 sec. 
Patient breathed normally for image on 
left, but held his breath for image on 
right. Additional details of the imaging 
technique include a 10-mm slice thick- 
ness, averaging of two acquisitions of 
data, a 500-mm field of view, and 128 
phase-encoding steps. 


thereby compensating for the lower image intensity due to 
the shorter TR. The use of a short TE provides better signal- 
to-noise-ratios, unless the echo-sampling time becomes too 
short. The use of a short TE has also been found to reduce 
the intensity of ghosts [20]. The short TR is most compatible 
with strongly T1-weighted images. Averaging is not as prac- 
tical for T2-weighted images, for which TR can be as long as 
3 sec. 


Pseudogating 


The objective of pseudogating [7, 14, 22] is to separate 
the ghosts so far that aliasing folds them back on top of each 
other. The factors that affect the separation appear in equa- 
tion 1. A previous estimate of the period of motion is needed 
first. Then, typically, na, and TR are selected to make (Na X 
TR)/T = 0.5. The movements are expected to repeat at every 
second phase-encoding step. Then, every second ghost falls 
back on the moving anatomic structure, and the others are 
superimposed one-half field of view away. Other possibilities 
for (Na, X TR)/T include multiples of 0.5 or 1.0, but these 
sequences take longer. 

The two images in Figure 13 illustrate that pseudogating 
can shift the position of ghosts so that they no longer interfere 
with other anatomy, but blurring is not diminished. Pseudo- 
gating is most useful when Nay and TR are not required to be 
too different than they would have been otherwise. Unfortu- 
nately, for abdominal motion Nay and TR are often quite 
different than usual. However, pseudogating is more useful 
for controlling the ghosts from more rapid cardiovascular 
motion, which requires a smaller na TR. 


Gradient Moment Nulling 


Motion along a magnetic field gradient alters the phase of 
the magnetization. This is true for both gradient echoes and 
spin echoes. Because the motion usually changes, the 
amount of dephasing is different in the echoes of each phase- 
encoding step, causing an artifact in the phase-encoding 
direction. The dephasing attributed to motion can be mini- 
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Fig. 9.—Two 1.5-T sagittal spin-echo 1000/25 images of same Fig. 10.—Two 1.5-T inversion recovery 1000/25 images of same patient. 
patient. A surface coil with low sensitivity to anterior structures was For upper and lower images, TI was 400 and 150 msec, respectively. Slice 
used for lower image. Imaging technique was similar to that used in thickness was 10 mn, field of view was 480 mm, two acquisitions of data 
Fig. 7. were averaged, and there were 128 phase-encoding steps. 


Fig. 11.—Two 1.0-T spin-echo 600/ 
17 images of same patient. No aver- 
aging occurred for left-hand image, but 
two acquisitions of data were averaged 
for the right-hand image. Other details 
include a 500-mm field of view, 10-mm 
slice thickness, and 128 phase-encod- 
ing steps. 
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mized through special design of the magnetic field gradients 
in the imaging technique [23-25]. There are many other 
names for this method, including motion artifact suppression 
technique (MAST®) [23], gradient moment reduction, and 
bipolar gradients. 

Additional gradient pulses are introduced to rephase the 
MR signal produced by moving tissue in much the same way 
that the MR signal is rephased in stationary tissue. The 
concept is similar to “even-echo rephasing” [26], which de- 
scribes a recovery of image intensity for moving fluids in even- 
numbered echoes. One additional gradient pulse (or many 
more) can be included to compensate for the additional de- 
phasing of moving tissue. The associated benefits often justify 
the additional complexity of the imaging technique, as Figure 
14 shows. The two images in Figure 14 were produced under 
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Fig. 12.—Intensity of ghosts is plotted against number of acquisitions 
averaged. Images of a point object moving periodically across five pixels 
were simulated mathematically and cumulative intensity of ghosts was 
measured. Error bars represent standard deviation in this measurement 
for different motion. 
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similar conditions, except that the technique that created the 
right-hand image compensated for motion along the fre- 
quency-encoding and slice-selection directions. Measure- 
ments of ghost intensity in the background of the right-hand 
image were one-quarter of that in the left-hand image. Fur- 
thermore, the intensity that was extracted from the ghosts 
was restored to the associated anatomic structures. 

The method applies separately for motion along each of 
the three axes. The phase-encoding direction is the least 
critical, because the phase-encoding gradient is usually acti- 
vated only once and briefly during each phase-encoding step. 
Any type of motion in the body can be broken down into 
components, the first two of which are constant velocity and 
acceleration. One additional gradient pulse can allow for 
complete rephasing from constant velocity motion, but many 
more are needed for more complex motion. In practice, the 
decision about the number of additional gradient pulses de- 
pends primarily on the shortest TE that is required. Gradient 
moment nulling can be employed in almost any imaging 
technique, and it can reduce artifacts from several moving 
structures simultaneously. 


Summary 


Anatomic structures that move periodically during the ac- 
quisition of data for an MR image become multiple ghosts in 
the phase-encoding direction. There is a constant spacing in 
pixels between consecutive ghosts, which is equal to the 
number of cycles of motion that occurred during the acquisi- 
tion of data. The intensity of ghosts depends on the intensity 
of the moving structure and the number of pixels over which 
the motion occurred. 

No single method is completely satisfactory at suppressing 
motion artifacts. The major attributes and limitations of each 
method are summarized in Table 2, with plus (+) signs 
denoting merit. Theoretically, some methods perform better 
in reducing the intensity of ghosts and restoring the image 
intensity to its proper place. This certainly is not the final 


Fig. 13.—Two 1.0-T spin-echo 600/ 
17 images of same patient that illus- 
trate pseudogating. Conditions were 
similar to those in Fig. 11, except that 
four and eight acquisitions of data were 
averaged for the left-hand and right- 
hand images, respectively. This made 
the separation between ghosts either 
one-half (left ) or one whole (right ) field 
of view. 
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Fig. 14.—Two 1.0-T spin-echo 2000/ 
50 images showing gradient moment 
nulling. The only difference was imag- 
ing technique, which used magnetic- 
field gradients that partially rephased 
the MR signal from structures moving 
along the frequency-encoding and 
slice-selection directions. Slice width 
was 10 mm, and field of view was 417 
mm. There were 128 phase-encoding 
steps and no data were averaged. 
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TABLE 2: Overall Rating of Respiratory Motion Artifact Suppression Methods 


me a aS eS SE SS EE SE ES EE a RE E S IE RR Se a o o 


Attributes 
Theoretical Less Other Overall 
Method Performance Blurring Motion Deficiencies Rating 
Gating +++ Yes No Time, cooperation + 
Reordering +++ No No Cooperation +++ 
Restraining an a Yes No Less comfortable ++ 
Breath-holding +++ Yes No Limited time, cooperation ++ 
Restricting FOV + No No Limited FOV ++ 
STIR + No No Limited contrast + 
Averaging ++ No Yes Long time +++ 
Pseudogating ++ No No Time, cooperation + 
Gradient moment nulling +++ No Yes Longer minimum TE ++++ 





Note: ++++ = excellent, +++ = very good, ++ = good, + = fair. STIR = short-tau inversion recovery; FOV = field of view. 


criterion, however. Some methods reduce the blurring in 
addition to suppressing the ghosts, or they suppress ghosts 
without prolonging the time for imaging. Certain methods also 
reduce ghosts from other kinds of motion. It is very appealing 
for a method to function without monitoring. The success of 
monitoring often depends too much on the cooperation of 
both the patient and technologist. The theoretical perform- 
ance, attributes, and deficiencies of the various methods have 
been combined into a subjective overall rating in the last 
column of Table 2. 

All of the methods can be effective under the appropriate 
circumstances. Moreover, the methods are not mutually ex- 
clusive. It is advantageous, therefore, to combine methods to 
achieve even greater suppression. For example, physical 
restraint can be used for all but the most uncooperative 
patients. Most imaging techniques can be designed with 
gradients that rephase the signals from moving structures. 
Then other methods, such as averaging or reordering, can be 
applied as necessary. 


Fortunately, there are effective motion artifact suppression 
methods, even though not all are widely available yet on 
commercial equipment. Consistent suppression of motion 
artifacts will enhance the quality of MR images. Elimination of 
motion artifacts will improve the capability of MR to detect 
lesions and will provide a higher standard of performance for 
MR in the body. 
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Quantification of Regional 
Myocardial Function by Rapid Cine 
MR Imaging 





The capability of rapid (cine) MR imaging to quantitate left ventricular function was 
assessed in 13 normal subjects and in 15 patients with ischemic heart disease and 
regional wall-motion abnormalities proved by echocardiography and/or by contrast 
ventriculography. Fifteen to 20 MR images/cardiac cycle were acquired by using partial 
flip angles, short repetition times, and gradient-refocused echoes. Regional wall motion 
was assessed qualitatively in the equatorial left ventricular section by using the cine 
display and quantitatively by measuring myocardial thickness at end-diastole and at 
end-systole in six left ventricular segments in this plane. In normal volunteers, wall 
motion was normal in all segments. Heterogeneity of systolic wall thickening was 
observed in normal subjects, ranging from 33% + 17% in the posteroseptal segment to 
66% + 29% in the posterior segment. Overall systolic wall thickening was 48% + 28%. 
From the cinematic display of MR images, abnormal wall motion was observed in 40 of 
90 segments in patients with ischemic heart disease, which correlated well with results 
of echocardiography or contrast ventriculography. Twenty-one segments were hypoki- 
netic, 15 were akinetic, and four were dyskinetic. In patients with ischemic heart disease, 
percentage systolic wall thickening was 43% + 31% in the segments with normal wall 
motion, 6% + 18% in hypokinetic segments, —4% + 24% in akinetic segments, and 
—13% + 25% in dyskinetic zones. Absolute systolic wall thickening was less than 2 mm 
in 31 of 40 abnormal segments and was greater than 2 mm in only three. 

Rapid acquisition, improved temporal resolution, and the capacity for cine display 
make this new MR technique potentially useful not only for qualitative assessment of 
cardiac wall motion, but also for quantification of regional myocardial function. 


Contrast angiography, echocardiography, radionuclide angiography, and MR 
imaging all provide useful and complementary information about cardiac structure 
and function. In the evaluation of ischemic heart disease, diminished or absent left 
ventricular systolic wall thickening (which may be a more sensitive indicator of 
regional myocardial function than abnormal wall motion [1, 2]) can be measured by 
echocardiography [3-5], cine CT [6], and conventional ECG-gated, spin-echo MR 
imaging [7]. 

Compared with conventional cardiac MR techniques, a newly developed method 
using limited flip angles, gradient-refocused echoes, and very short repetition times 
[8] has the advantages of improved temporal resolution through the cardiac cycle 
and shorter imaging times. Using a clinical MR scanner, we assessed this new 
cardiac imaging technique for its ability to (1) detect regional wall-motion abnor- 
malities and (2) quantitate left ventricular dysfunction by measurement of systolic 
wall thickening. 

Accordingly, we studied 13 normal subjects and 15 patients with ischemic heart 
disease to document and quantitate regional left ventricular wall-motion abnormal- 
ities. 

Methods 


Study Subjects 


Thirteen normal subjects underwent MR imaging of the heart; in all 13 the cine technique 
was used. The mean age was 31 years (range, 21-37 years). None had evidence of 
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cardiovascular disease on clinical examination. Fifteen patients with 
ischemic heart disease and left ventricular wall-motion abnormalities 
were studied. Fourteen patients had a documented history of myo- 
cardial infarction, and one had wall-motion abnormalities with no 
definite history of myocardial infarction (Table 1). Regional left ven- 
tricular dysfunction was documented by two-dimensional echocar- 
diography in eight patients, by contrast angiography in two, and by 
both techniques in five. Documentation of wall-motion abnormalities 
was obtained within 4 weeks of the MR study. 


MR Imaging 


Study subjects underwent MR imaging performed on a 1.5-T 
superconducting Clinical imager (Signa, General Electric Medical Di- 
vision, Milwaukee, WI). An initial spin-echo, multilevel, gated se- 
quence was obtained in the coronal plane to determine the inferior 
and superior extent of the heart as a reference for imaging in the 
transverse plane. 

Transverse cine images of the entire heart were acquired by using 
the recently developed technique of gradient-recalled acquisition in 
the steady state (GRASS), which, in this study, consisted of flip 
angles of 30°, a pulse repetition time of 21 msec, and an echo time 
by gradient reversal of 12 msec. Pulse repetition was independent of 
the ECG signal, which was simultaneously recorded and stored on a 
microcomputer that in turn controlled advancement of the phase- 
encoding gradient with every second R wave (two averages per data 
point). The number of time frames (images) per cardiac cycle corre- 
sponded to the number of pulse sequences (21 msec in duration) 
that could be delivered per R to R interval. Thus, in a subject with a 
heart rate of 60 beats/min, 48 (1000 msec/21 msec) time frames 
would fall within the R to R interval. If more than one anatomic level 
was acquired simultaneously, the excitations alternated between 
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levels. This would result in 24 images/cardiac cycle and temporal 
resolution of 42 msec/frame in the case of a two-level acquisition or 
16 images/cardiac cycle and temporal resolution of 63 msec/frame 
for a three-level acquisition. So, the effective TR was 42 msec for a 
two-level acquisition and 63 msec for a three-level acquisition. Im- 
aging time was therefore dependent on the total number of slices 
acquired and the subject's heart rate (imaging time = 128 phase- 
encoding steps X two excitations x number of series X 60/heart 
rate). Typically, simultaneous two- or three-level acquisitions were 
performed and required an average of 4 min. Twelve levels were 
usually obtained per study. Image reconstruction time was 5-8 min/ 


acquisition. 


Variability in the R to R interval resulted in a slight difference in the 
number of pulses for each cardiac cycle during the imaging period. 


Fig. 1.—Schematic representation of heart in sagittal plane illustrating 
level in transverse plane (thick line) used for analysis of wall motion and 


wall thickening. 


TABLE 1: Characteristics of Patients and Correlative Studies 





Patient Age History of ECG 

No. (years) MI Results 

1 45 8 mo AMI 

2 54 5 mo | MI 

3 59 3 mo Lat MI, 

LVH 
4 64 12 mo | MI 
5 58 6 yr, AS MI 
1 mo 

6 57 10 mo AS MI 

T 61 2 mo AS MI 

8 66 2 mo | MI 

9 64 2 wk A+IMI 
10 66 2 wk A MI, LVH 
11 55 15 yr | MI 
12 60 1 mo NS A ST 
13 71 4 yr | MI 
14 70 15 yr I MI, NS 

A ST 

15 73 Not known P MI, LVH 


Wall Motion by 2D 


Wall Motion by Cine 


or Angio MR 
Hypo PS; Ak A, Hypo P; Ak A, AS 
AS; Dys AP 
Ak PL, D, PB Hypo P; Ak PL 
Hypo IL, PS Hypo PL, P, PS 
Ak P, PS Hypo PL, P, PS 


Hypo global; Dys 


Hypo global; Dys A 


Hypo AS, A; Dys Hypo P; Ak A, AS 
AP 

Hypo PS, Ak A, Ak AL, AS; Dys A 
AS; Dys AP 

Ak D, PL, PB Hypo PL, P, PS 

Hypo AS, Dys AP Ak AS; Dys A 

Dys AP Ak A 

Ak |, AP Hypo A, P, PS 

Ak A, AP Hypo As, AKA 

Hypo AP, AL, I, IS = Hypo P, PS, AS; 

Ak AS, PS 
Hypo AP, AL; AkI Hypo A 
Hypo | Hypo PL 





Note.—A = anterior, Ak = akinetic, AL = anterolateral, Angio = angiography, AP = apex, AS = anteroseptal, D = 
diaphragmatic, Dys = dyskinetic, Hypo = hypokinetic, | = inferior, IL = inferolateral, IS = inferoseptal, Lat = lateral, 
LVH = left ventricular hypertrophy, MI = myocardial infarction, mo = month, NS = nonspecific , P = posterior, PB = 
posterobasal, PL = posterolateral, PS = posteroseptal, ST = segment changes, 2D = 2-dimensional echocardiography, 


wk = week, yr = year. 
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To provide a constant number of time frames per R to R interval for 
image reconstruction, the image data were subjected to linear inter- 
polation. The image plane was 10 mm thick. The acquisition matrix 
was 128 x 256 interpolated to 256 x 256 for display. 


Image Analysis 


From the acquired series of images, the left ventricle was usually 
confined to five or six levels. From these, the mid-ventricular slice 
(Fig. 1) was selected for analysis. Images within that slice were 
displayed in the cinematic mode, and six segments were analyzed 
independently by two observers experienced in interpretation of MR 
studies. Wall motion was assessed qualitatively and wall thickening 
was assessed quantitatively. Wall motion was scored as normal (0 
points), hypokinetic (1 point), akinetic (2 points), dyskinetic (3 points), 
or uninterpretable; scores were given for six myocardial segments 
identified as anterior, anterolateral, posterolateral, posterior, postero- 
septal, and anteroseptal (Fig. 2). When observers disagreed in their 
interpretations, the study was reviewed jointly and a consensus was 
reached. 

Measurements of left ventricular myocardial thickness were made 
using manufacturer-supplied software programs. The accuracy of the 
measurements was confirmed with a phantom of known dimensions. 
To standardize signal intensity and to minimize observer variability, 
the pixel intensity level was set to the mean of signal intensities of 
the blood pool and of myocardium. The width of the window was 
arbitrarily set to 50-75% of the level value. The region of the heart 
was displayed at 1.5x magnification for measurements. The end- 
diastolic and end-systolic frames for each study were identified 
visually as those with the largest and smallest cross-sectional areas 
of blood pool, respectively. The visual impression was confirmed by 
measuring the cross-sectional area of blood pool in that frame and in 
the frames that preceded and followed. 

For measurement of left ventricular wall thickness, a grid consisting 
of radians at 60° intervals was imprinted on a plastic transparency 
(Fig. 2). The 0°/180° axis was placed parallel to the septum through 
the most anterior extent of the left ventricle. The intersection of the 
six radians was positioned at the midpoint of the long axis of the left 
ventricle. The same procedure was performed on both the end- 
diastolic and end-systolic images. Measurements were made by using 
a manufacturer-supplied computer caliper program after visual deter- 
mination of the endocardial and epicardial surfaces by the operator. 
Wall thickness was measured perpendicular to the endocardium from 
the intersection of each of the six radians and the endocardial border 
(Fig. 2). Measurements were rounded to the nearest millimeter. If 
papillary muscle was encountered, that segment was excluded from 
analysis. Absolute and percentage wall thickening (absolute thicken- 
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Fig. 2.—illustration of myocardial segments (be- 
tween hatched lines) graded for wall-motion abnor- 
malities and radial grid (solid lines) used to locate 
sites for measurement of wall thickness. Measure- 
ments were made perpendicular to endocardium, as 
illustrated. 
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ing/end-diastolic wall thickness <x 100) were calculated for each 
segment. Wall-thickness measurements were performed in the 13 
normal subjects by two observers independently and were repeated 
after 4 weeks by the first observer to establish inter and intraobserver 
variability. 


Statistical Analysis 


The mean data are presented +1 standard deviation. In normal 
subjects, the variability of wall thickness and percentage wall thick- 
ening among the six segments were assessed by single-factor analy- 
sis of variance. Segmental means were compared by Scheffe’s [9] 
test. Pooled wall-thickness data from all normal segments were 
compared with those segments in patients with ischemic heart dis- 
ease designated as normal, hypokinetic, akinetic, or dyskinetic by 
single-factor analysis of variance. Scheffé’s test [9] was used to 
assess individual means. Inter- and intraobserver variability was 
assessed by linear regression analysis and by determination of the 
mean percentage difference between measurements: 


observer 1 — observer 2 


100 xX ———— 
mean of observer 1 + observer 2 


Nonparametric testing was done by chi-square analysis with contin- 
gency correction. A p value less than .05 was considered significant. 


Results 
Normal Subjects 


Table 2 gives data on wall thickening in normal subjects. In 
contrast to conventional MR images, the blood pool in GRASS 
images has higher signal intensity than myocardium (Fig. 3). 
Wall motion, by analysis of the cine display, was normal in all 
normal volunteers. Diastolic wall thickness ranged from 8.5 
+ 1.1 mm (mean + SD) in the posterior segment to 11.4 + 
1.9 mm in the posterolateral segment (p < .05). In systole, 
thickness ranged from 13.2 + 2.2 mm in the posteroseptal 
segment to 15.9 + 2.1 mm in the anterolateral segment (not 
significantly different). Heterogeneity of absolute systolic wall 
thickening was noted among the different myocardial seg- 
ments, although the differences did not reach statistical sig- 
nificance. Values ranged from 0 to 10 mm (Fig. 4). Values of 
absolute wall thickening less than 2 mm occurred in only three 
of the entire 78 segments in the 13 normal volunteers. Het- 
erogeneity of percentage wall thickening was also seen be- 
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TABLE 2: Wall Thickening in Normal Subjects 
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SS SS Se a SSS 


Measurement - 
Anterior 


90E 15 TIJE 13 
1594 22 59 2.1 

944 23 46+ 23 
59 +31 42 +25 


Thickness diastole (mm) 
Thickness systole (mm) 
Absolute thickening (mm) 
% thickening 


Anterolateral Posterolateral 


Segments 
Posterior Posteroseptal Anteroseptal 
At 19 852 1.7" 99 fj 96+ 18 
158+ 24 140+ 24 132+ 22 141+ 23 
452 26 S55 26 324 1.7 452 19 
42 +30 66 +29 33 +17 49 +23 





“p < .05 vs anterolateral and posterolateral; numbers are means + 1 SD. 





tween segments, although again, the differences were not 
Statistically significant. Overall percentage systolic wall thick- 
ening in all normal segments was 48% + 28%. Thickness 
measurements could not be obtained for eight of the 78 
segments—in six segments because of papillary muscle 
within the segment and in two posterior segments because 
of partial volume averaging with the left atrium in systole. 


Ischemic Heart Disease 


On analysis of the cine display, 45 segments in patients 
with ischemic heart disease exhibited normal wall motion (Fig. 
5). Of the remaining segments, 21 were hypokinetic, 15 were 
akinetic, and four were dyskinetic. In one instance, an inferior 
wall-motion abnormality shown by angiography was not seen 
in the cine MR study. In the remaining segments, location of 
wall-motion abnormalities corresponded to comparable re- 
gions in the documentary studies (Table 1). 


Fig. 3.—Images of a normal volunteer throughout 
cardiac cycle at mid-ventricular level show normal 
myocardial thickening. 


Mean diastolic wall thickness of normal segments in pa- 
tients with ischemic heart disease was higher than mean wall 
thickness in normal subjects (p < .05). Diastolic thickness 
alone (i.e., wall thinning) did not distinguish hypokinetic and 
akinetic segments from normal segments in patients with 
ischemic heart disease because considerable overlap was 
present (Table 3). Only dyskinetic segments were significantly 
thinner (p < .05) than in normal volunteers at end-diastole. 
Systolic thickness was greater for normal segments in pa- 
tients compared with normal segments in normal volunteers 
(p < .05). Abnormal segments in patients with ischemic heart 
disease were significantly thinner at end-systole than were 
normal segments in these patients (p < .05) and in normal 
volunteers (p < .05), although some overlap with normal 
segments existed. 

Absolute systolic wall thickening was similar for normal 
segments in patients with ischemic heart disease and in 
normal subjects. Absolute thickening of abnormal segments 
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in patients was 0.3 + 1.7 mm overall, which was significantly 
less than for both normal segments in this group and normal 
volunteers (p < .001). Absolute wall thickening was less than 
2mm in 31 of 40 abnormal segments and greater than 2 mm 
in only three segments. Very little overlap of values for wall 
thickening was observed between normal and abnormal seg- 
ments (Fig. 4). Percentage systolic wall thickening was similar 
in segments of normal subjects (48% + 28%) and normal 
segments in patients with ischemic heart disease (43% + 
31%). Overall percentage wall thickening in abnormal seg- 
ments was 0% + 22% (Table 3). 

In the patient group, five of 90 segments could not be 
analyzed, in four because of papillary muscle within the seg- 
ment and in one because of partial-volume averaging with the 
left atrium in systole. 


Inter- and Intraobserver Variability 


From the subjective analysis of the cinematic displays, the 
two observers disagreed on the assessment of wall motion 
in 10 segments; this occurred most often in the distinction 
between hypokinetic and akinetic wall motion. Disagreement 
was never by more than one grading point. Correlation be- 
tween observers for diastolic and systolic wall thickness 
measurements was 0.85 (p < .0001). The mean difference in 
measurements was 10.8% + 9.2%. Intraobserver correlation 
for measurements was 0.90 (p < .0001). The mean difference 
for intraobserver measurements was of 9.4% + 8.5%. 


Discussion 


In this study, the capabilities of a new MR technique for 
assessing left ventricular function were examined. Rapid MR 
imaging not only provides the spatial resolution customary in 
conventional MR studies but can also, because of shallow flip 
angles and short repetition times, acquire a large number of 
images per cardiac cycle. The latter innovation allows pro- 
cessing of multiple images into a closed-loop cinematic display 
for analysis of cardiac function. The inherent contrast between 





Fig. 5.—A, Anterior myocardial infarction (diastole at left, systole at right). Absence of thickening in the anterior and anteroseptal segments. Wall 


thickening is normal in other segments. 


B, Inferior myocardial infarction (diastole at left, systole at right). Wall thickening is absent in extensive area in the posterolateral, posterior, and 


posteroseptal segments. 
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TABLE 3: Wall Thickening in Patients with Ischemic Heart Disease 





Segments 
Measurement Normal Normal IHD — Hypokinetic Akinetic Dyskinetic (n 
(n = 70) (n = 45) (n = 21) (n = 15) = 4) 

Thickness diastole 

(mm) Oit 17 1222 35" S12 47 85+ 29 50+ 3.4° 
Thickness systole 

(mm) Tt 24 17022 30 98 8S 84+ 4.1% 48+ 3.8° 
Absolute thickening 

(mm) 462 22 472 23 O72 1.7 -01 20 -032 0.5" 
% thickening 48 +28 43 +31 S +19 —4 +24 -13 +25° 





Note.—IHD = ischemic heart disease; means presented + 1 SD. 


^p < .05 normal vs normal IHD. 
e p < .05 vs normal IHD. 
°p < .05 vs normal and normal IHD. 


blood pool, lung, and myocardium further allows determina- 
tion of myocardial wall thickness, from which an index of 
regional ventricular function can be derived when measured 
at end-diastole and end-systole. 

Analysis of the cinematic display of MR images within the 
plane of study was accurate in locating wall-motion abnor- 
malities documented by other techniques, despite the fact 
that the image plane in this study was not ideal for visualizing 
the apex of the heart, the inferior wall, or the anterobasal 
segment. In many cases, the degree of the wall-motion ab- 
normality was the same, although the exact degree and extent 
of abnormality could not be correlated accurately because 
the field of view of the heart and the imaging planes were not 
strictly comparable between the three imaging techniques. 
An equatorial transverse plane of section obtained by two- 
dimensional echocardiography has recently been described 
by Sharkey et al. [10]. The authors point out that the advan- 
tage of such a view is for detection or confirmation of posterior 
wall-motion abnormalities. 

Although cross-sectional echocardiography can reliably de- 
tect jeopardized myocardium during acute myocardial infarc- 
tion by wall-motion analysis [11-13], diminished or absent 
systolic wall thickening may be a more sensitive indicator of 
the extent of regional myocardial ischemia and infarction than 
abnormal wall motion. From an intricate study of 48-hr-old 
myocardial infarction in a dog model, Lieberman et al. [3] 
concluded that endocardial motion assessed by echocardiog- 
raphy was less sensitive in discriminating infarcted from non- 
infarcted myocardium than measurement of systolic wall 
thickening, resulting in overestimation of true infarct size. 
Buda et al. [14] noted similar results when studying the extent 
of myocardial injury and myocardium at risk in a canine model 
of acute coronary occlusion. In humans with myocardial in- 
farction examined at autopsy, Weiss et al. [15] found that 
analysis of wall motion by two-dimensional echocardiography 
was accurate in locating myocardial infarction, but overesti- 
mated the extent of the abnormality. 

In the current study, substantial variability of wall thickening 
was seen both among subjects and among myocardial seg- 
ments in any one individual in the group of normal volunteers, 
an observation previously noted in both animal and human 


studies. LeWinter et al. [16] noted that, in dogs, the percent- 
age shortening of myocardial fibers was less in the mid- 
ventricle than at the apex. In humans, Pandian et al. [4] found 
considerable heterogeneity in wall thickening determined by 
echocardiography using analytical methods similar to those 
used in the current study. In 12 normal young men, segmental 
wall thickening ranged from 0% to 150%, although differences 
between myocardial segments were not found to be signifi- 
cant. Haendchen et al. [5] arrived at similar results in a study 
of both canine and human hearts studied at various planes 
from apex to base. 

Cross-sectional echocardiography [4], cine CT scanning 
[6], and conventional MR [7] have all previously been reported 
as useful for determining myocardial systolic wall thickening. 
Each of these techniques, however, has inherent limitations. 
Echocardiography is reliant on ideal acoustic conditions for 
image acquisition, which in turn determine the ability to ac- 
curately detect endocardial and epicardial borders. Pandian 
et al. [4] found that intraobserver variability for wall-thickening 
measurements exceeded 25%. Cine CT scanning, which 
provides high-resolution tomographic images similar to those 
of cine MR, requires IV injection of iodinated contrast media 
and exposure to ionizing radiation. Conventional MR has 
excellent spatial resolution but has limited temporal resolution 
and requires relatively long imaging times, and images cannot 
easily be viewed in a cinematic format. 

Cine MR is noninvasive and does not require contrast 
agents to define the blood pool. Although in this study, by 
design, only a limited region of the heart was analyzed in 
detail, it is apparent that the three-dimensional capability and 
the ability to image in any plane make MR imaging and in 
particular cine MR imaging ideally suited for assessment of 
global cardiac function. 


Limitations of the Study 


As noted above, wall-motion abnormalities determined from 
cine MR were not strictly comparable with the documentary 
studies because of different fields of view and differences in 
nomenclature. However, the imaging plane selected for analy- 
sis is truly representative of the three major (anterior descend- 
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ing, right, and circumflex) cardiac vascular territories. There- 
fore, significant ventricular dysfunction in any of those regions 
would be discernible by imaging in the equatorial plane. Wall- 
motion abnormalities confined exclusively to the inferior or 
diaphragmatic segment or to the apical or anterobasal portion 
of the heart are difficult to detect in the transverse plane. 
Further studies need to be performed to evaluate the useful- 
ness of imaging in other planes for detection of abnormalities 
in these regions. 

Cross-sectional imaging techniques, including echocardiog- 
raphy, result in a certain degree of obliquity of section when 
imaging the heart. The equatorial plane minimizes oblique 
sectioning of the anterior wall and septum, although the 
difference in diastolic thickness between the posterior and 
anterolateral and posterolateral segments may be a reflection 
of slightly more obliquity of the plane of section through the 
lateral left ventricular myocardium. As the ability to image in 
planes oriented to the long and short axes of the heart 
becomes more widely applied [17], this problem may be 
minimized. However, no existing data indicate that MR in 
nonorthogonal (short- or long-axis) planes results in less 
heterogeneity of wall thickening compared with MR in the 
transverse plane. 


Conclusions 


The new technique of cine MR adds the important dimen- 
sion of motion to cardiac MR studies. In addition to detailed 
anatomic information, useful functional information, both qual- 
itative and quantitative, can now be derived from MR studies 
of the heart. The ability to image the entire heart in multiple 
planes may offer a means of more accurately assessing and 
following the extent of ischemic myocardial damage. 


REFERENCES 


1. Vatner SF. Correlations between acute reductions in coronary blood flow 
and function in conscious dogs. Circ Res 1980;47:201-210 
2. Falsetti HL, Marcus ML, Kerber RE, Skorton DJ. Quantification of myocar- 


CINE MR OF MYOCARDIAL FUNCTION 


+ 


12; 


14. 


15. 


16. 


529 


dial ischemia by left ventricular imaging. Circulation 1981;63:747-751 


. Lieberman AN, Weiss JL, Jugdutt BI, et al. Two-dimensional echocardiog- 


raphy and infarct size: relationship of regional wall motion and thickening 
to the extent of myocardial infarction in the dog. Circulation 1981;53: 
739-746 


. Pandian NG, Skorton DJ, Collins SM, Falsetti HL, Burke ER, Kerber RE. 


Heterogeneity of left ventricular segmental wall thickening and excursion 
in 2-dimensional echocardiograms of normal human subjects. Am J Cardiol 
1983;51:1667-1673 


. Haendchen RV, Wyatt HL, Maurer G, et al. Quantitation of regional cardiac 


function by two-dimensional echocardiography. 1. Patterns of contraction 
of the normal left ventricle. Circulation 1983;67 : 1234-1245 


. Lanzer P, Garrett J, Lipton MJ et al. Quantitation of regional function by 


cine computed tomography: pharmacologic changes in wall thickness. J 
Am Coll Cardio! 1986;8(3):682-692 


. Sechtem UP, Sommerhof BA, Markiewicz W, White RD, Cheitlin MD, 


Higgins CB. Assessment of regional left ventricular wall thickening by 
magnetic resonance imaging: evaluation in normal persons and patients 
with global and regional dysfunction. Am J Cardiol 1987;59: 145-151 


. Haase A, Matthei D, Hanicke W, et al. Rapid NMR imaging using low flip- 


angle pulses. J Magn Reson 1986;67 :258-266 


. Scheffé H. A method for judging all contrasts in the analysis of variance. 


Biometrika 1953;40:87-104 


. Sharkey SW, Asinger RW, Elsperger KJ, Siegel J. Two-dimensional ech- 


ocardiographic detection of left ventricular posterior wall motion abnor- 
malities using an inferior angulation view. Am J Cardio! 1986;58:704-709 
Heger JJ, Weyman AE, Wann LS, Rogers EW, Dillon JC, Feigenbaum H. 
Cross-sectional echocardiographic analysis of the extent of left ventricular 
asynergy in acute myocardial infarction. Circulation 1980;61:1113-1118 
Visser CE, Lie KI, Kan G, Meltzer R, Durrer D. Detection and quantification 
of acute, isolated myocardial infarction by two dimensional echocardiog- 
raphy. Am J Cardiol 1985;47: 1020-1025 


. Horowitz RS, Morganroth J. Immediate detection of early high-risk patients 


with acute myocardial infarction using two-dimensional echocardiographic 
evaluation of left ventricular regional wall motion abnormalities. Am Heart 
J 1982;103:814-822 

Buda AJ, Zotz RJ, Pace DP, Krause LC. Comparison of two-dimensional 
echocardiographic wall motion and wall thickening abnormalities in relation 
to the myocardium at risk. Am Heart J 1986;111:587-592 

Weiss JL, Bulkley BH, Hutchins GM, Mason SJ. Two-dimensional echo- 
cardiographic recognition of myocardial injury in man: comparison with 
postmortem studies. Circulation 1981;63:401-408 

LeWinter MM, Kent RS, Kroener JM, Carew TE, Covel JW. Regional 
differences in myocardial performance in the left ventricle of the dog. Circ 
Res 1975;31:191-199 


. Dinsmore RE, Wismer GL, Miller SW, et al. MRI of the heart using planes 


oriented to cardiac axes: experience in 100 cases. AJR 1985:145:1177- 
1183 


530 


Book Review 





Diagnosis of Diseases of the Chest, 3rd ed., vol. 1. By Robert G. Fraser, J. A. Peter Paré, P. D. Paré, Richard 
S. Fraser, and George P. Genereux. Philadelphia: Saunders, 764 pp., 1987. $65 


This is the first of a projected four-volume revision of the major 
reference work on radiology of the chest, Fraser and Paré’s second 
edition. The authors, a radiologist and a chest physician, have enlisted 
the collaboration of their sons, who are experts in chest pathology 
and physiology, and another chest radiologist to help with the enor- 
mous job of updating this most comprehensive text. This edition 
attempts a broader approach to chest disease. Although it features 
radiologic findings, it presents more physiology than previous editions 
did. The amount of work entailed in editing and revising such a large 
work justifies the separate publication of each volume, but some 
users may wish to wait until the volumes on chest disease begin to 
appear before buying this introductory volume. 

The book begins with a glossary, taken with minor changes from 
that published in this Journal by the Fleischner Society Nomenclature 
Committee, which is headed by Dr. Fraser. It is a thoughtful addition 
to a textbook meant for new as well as experienced chest physicians 
and radiologists. The section on normal anatomy has been supple- 
mented by a larger section on physiology, and even includes a clear 
summary of findings and issues in radiologic perception. Methods of 
examination are covered thoroughly, from slit-scanned digital imaging 
to pulmonary function tests; an extensive list of bacteriologic findings 
is included. Illustrations are sparse in this section, and presumably 
the volumes on disease will have illustrations of pathologic conditions. 
The final chapter, more than 200 pages, is a compendium of basic 
radiologic signs, those that increase or decrease film density, and 
findings of pleural disease. This is a textbook in itself, of patterns, 
radiologic-pathologic correlation, and differential diagnosis. 

How good a job have the authors done? First, there is nothing 
with which to compare this book. It has breadth and detail beyond 
any other past or contemplated textbook of chest diagnosis. It 
continues the tradition of providing a superb and current bibliography. 
Illustrations, both diagrams and radiographs, are profuse. CT scans 
appear in substantial number in this edition, including many of Dr. 
Genereux’s extensive collection of sagittal and coronal reconstruc- 


tions. MR imaging is introduced thoroughly, but few illustrations 
appear yet; subsequent volumes undoubtedly will have more. 

The quality of the illustrations is surprisingly uneven. Many of the 
illustrations of radiographs are first class, not exceeded in the text- 
book literature by any except the magnificent positive images of the 
Schinz opus. However, others are too light, too dark, or too flat. The 
CT scans are mostly good, including the somewhat jagged recon- 
structions, but | do not care for the light lung windows used in some 
cases. | hope the next volumes will have some high-resolution CT 
scans to illustrate specific diseases. On the whole, | do not know of 
any textbooks that consistently have better pictures, but this one has 
some that are disappointing. 

The editing has been good. | found few errors; one in particular 
was a substitution of “humeral” for “humoral” twice in half a dozen 
pages. In looking carefully at some areas of personal interest, | was 
disappointed to see the term “apical pleural thickening” used for the 
parenchymal density seen at the apex in many cases. The book has 
little on pleural fat, mentioning only a “companion shadow” at the 
apex and omitting several other common sites that should be distin- 
guished from pleural abnormalities. The classification of mediastinal 
lymph nodes proposed by the American Thoracic Society is listed 
clearly, but the description and illustrations of nodes use a different 
proprietary scheme. The authors’ use of “end stage lung” for inter- 
Stitial fibrosis is also regrettable because fibrosis is but one of several 
possible end stages (consider also bronchiectasis and emphysema). 
The basic material on lobar collapse is not supplemented by much 
on segmental disease, but that might take another textbook. 

In summary, the third edition of Diagnosis of Diseases of the Chest 
is in a Class by itself. It is not perfect, but it is very good. If you do 
not have the second edition on your shelves already, it is time to buy 
this one. 
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MR Imaging of Acute Myocardial 
Infarction: Value of Gd-DTPA 





The potential of gadolinium (Gd)-DTPA to improve the detection of acute myocardial 
infarction by MR has been shown in experimental canine studies. To determine its value 
in humans, we studied five patients 2-17 days after myocardial infarction by using ECG- 
gated MR before and after administration of 0.1 mmol/kg Gd-DTPA. One patient had a 
rupture of the interventricular septum, complicating an acute inferior-wall infarction. 
Spin-echo images were obtained before and immediately after injection of Gd-DTPA 
and were repeated every 10 min for up to 40 min. In four patients, intensity-vs-time 
curves revealed increasing signal intensity in the infarcted area in the first 20 min after 
injection of gadolinium. Contrast between normal and infarcted myocardium was great- 
est 20-30 min after Gd-DTPA injection. In one patient, increasing signal intensity of the 
infarcted myocardium was observed up to 40 min after Gd-DTPA injection. The precon- 
trast intensity ratio between infarcted and normal myocardium was 1.1 at echo time (TE) 
= 30 msec and was 1.4 at TE = 60 msec (p < .05). The postcontrast intensity ratio was 
1.6, which was not statistically different from the ratio at TE = 60 msec but which was 
significantly higher than the ratio at TE = 30 msec (p < .01). Infarct definition was 
substantially improved on postcontrast images. The septal rupture was clearly seen, 
and the infarcted myocardium surrounding the septal rupture showed enhancement on 
postcontrast images. 

These results suggest that Gd-DTPA can improve MR visualization and detection of 
acute myocardial infarction. 


MR imaging of the heart can identify and quantitate acute myocardial infarction 
noninvasively, as shown by experimental canine studies [1]. In humans, MR can 
be used to detect and localize acute myocardial infarction by showing local wall 
thinning, increased signal intensity in the infarcted area, and increased flow signal 
in the ventricular cavity [2-5]. 

Prolongation of T1 and T2 relaxation times in the edematous infarcted zone 
occurs consistently. T2 prolongation appears to predominate and therefore an 
increased myocardial signal is best appreciated on spin-echo images with long 
echo times [4]. Sometimes, however, no contrast between infarcted and normal 
myocardium is observed. Furthermore, subendocardial increased signal intensity 
can be difficult to differentiate from flow-related enhancement. Other problems in 
diagnosing myocardial infarction by MR are the occurrence of an increased myo- 
cardial signal, an increased flow-related signal, and myocardial wall thinning in 
asymptomatic volunteers [3]. 

Gd-DTPA is a clinically useful paramagnetic contrast agent for MR [6]. In humans, 
it has been used primarily for the examination of brain tumors. Because of its 
favorable pharmacokinetic properties and lack of adverse reactions, Gd-DTPA is 
safe for use in humans [6]. Gd-DTPA produces significant shortening of T1 
relaxation time of irreversibly damaged canine myocardium, resulting in increased 
signal intensity of the infarct relative to normal myocardium [7, 8]. In this study, we 
evaluated the use of Gd-DTPA for detection of acute myocardial infarction in five 
patients. 
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Fig. 1.—A, Precontrast transaxial MR image 
through left ventricle in 49-year-old man suffering from 
a 7-day-old myocardial infarction. Acute posterolateral 
myocardial infarction cannot be identified. 

B, Postcontrast image at same level made 20 min 
after Gd-DTPA injection. Enhancement of infarcted 
area improves detection of infarct. 

C, Intensity-vs-time curves in same patient show 
maximal contrast between infarction and two areas of 
normal myocardium 20-30 min after administration of 
Gd-DTPA. 
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Subjects and Methods 


Four men (38-60 years old) with acute myocardial infarction were 
studied by ECG-gated MR within 1 week after the acute event. A 
fifth patient (a 61-year-old man) who had a ventricular septal rupture 
complicating an acute inferior-wall infarction was studied 17 days 
after the acute event. Diagnosis of acute myocardial infarction was 
based on history, ECG changes, and typical evolution of plasma 
creatine kinase levels. The location of the infarct was confirmed by 
both ECG and coronary angiography, which showed an occluded or 
stenotic infarct-related artery. In the first four patients, peak plasma 
creatine kinase levels varied between 235 and 740 UJ/I (mean, 490 U/ 
I). The fifth patient (with septal rupture) was first admitted 2 weeks 
after the acute event; therefore, maximal creatine kinase level was 
not available. Informed consent was obtained. Spin-echo images were 
made in axial planes before and after IV administration of 0.1 mmol 
Gd-DTPA/kg. Images were obtained immediately after bolus injection 
of Gd-DTPA, and repeat examinations were performed every 10 min 
for up to 40 min thereafter. This 40-min period was chosen on the 


basis of experimental data [7] and because of time restrictions. In 
the patient with acute inferior-wall infarction complicated by septal 
ruptures, short-axis images were obtained with single electronic 
angulation starting from the transverse images. 

MR examinations were performed with a Philips 0.5-T Gyroscan 
unit. The repetition time was determined by the heartbeat interval by 
ECG triggering at every heartbeat. The trigger delay was 200 msec 
after the R wave of the ECG. Six 10-mm-thick slices with 1-mm gaps 
were obtained in transaxial planes with an echo-time (TE) of 30 msec 
and four measurements. In addition, a single-slice, four-echo image 
(TE = 30, 60, 90, and 120 msec) was obtained through the largest 
diameter of the left ventricle. A matrix size of 256 x 128 was used 
for acquisition; the images were displayed with a 256 x 256 matrix. 

All images were assessed visually for the presence of signs indic- 
ative of myocardial infarction. Signal intensities were calculated by 
region-of-interest analysis after visual inspection. The operator-de- 
fined regions of interest were 1 cm°. In order to account for instru- 
mental variations, the myocardial regions of interest were normalized 
to the intensity of subcutaneous axillary fat. Mean values of the 
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Fig. 2.—A, Precontrast short-axis view through left 
ventricle in 61-year-old man with 17-day-old inferior- 
wall infarction complicated by septal rupture. Image 
was obtained adjacent to ruptured septum. Note local 
wall thinning in septal region (arrow). 

B, Postcontrast image at same level. Note enhance- 
ment of infarcted myocardium in inferior wall and 
septum (arrow). Small enhancing liver lesion (high 
signal intensity compatible with hemangioma was 
seen at long-TR/TE images) is also visible. 

C, Postcontrast short-axis view perpendicular to 
interventricular septum obtained by using single elec- 
tronic angulation. Septal rupture is clearly seen (ar- 
row). 

D, Postcontrast long-axis view parallel to interven- 
tricular septum. Note enhancement of infarcted myo- 
cardium surrounding septal rupture (arrow). 


measurements obtained by two independent observers were deter- 
mined both for precontrast images, (TE = 30 and 60 msec) and for 
postcontrast images. The ratio of the myocardial intensity of the 
apparently infarcted myocardium to that of normal myocardium in the 
same image was measured. This intensity ratio is a measurement of 
the contrast between infarcted and normal tissue. Intensity-vs-time 
curves were constructed for infarcted and normal myocardium. 

Differences between signal intensity values were analyzed with the 
Wilcoxon rank test. A p value of less than .05 was considered 
significant. 


Results 


Short-TE precontrast images showed local wall thinning 
consistent with myocardial infarction in one patient. Multiecho 
images showed an increased wall signal compatible with 
infarction in four patients. Delineation of the infarcted area 
was poor when a multiecho technique was used because the 
signal-to-noise ratio was less than optimal. After Gd-DTPA 
injection, the infarcted areas were more visible in all five 
patients, improving infarct definition as compared with defini- 
tion on precontrast images (Fig. 1). The average precontrast 
intensity ratio was 1.1 with a TE of 30 msec and 1.4 with a 
TE of 60 msec (p < .05). The average intensity ratio 20-30 
min after Gd-DTPA administration was 1.6; this was a signif- 
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icant increase over the precontrast ratios with a TE of 30 
msec (p < .01). The difference between the intensity ratio 
with a TE of 60 msec and the postcontrast ratio did not reach 
Statistical significance. In four patients, intensity-vs-time 
Curves showed greatest contrast between normal and in- 
farcted myocardium at 20-30 min after Gd-DTPA administra- 
tion (Fig. 1). In one patient, the contrast was still increasing 
40 min after Gd-DTPA injection. MR clearly showed the septal 
rupture as well as enhancement of the infarcted myocardium 
surrounding the defect (Fig. 2). 

In the first 20-30 min after gadolinium injection, an average 
enhancement of 40% (range, 15-80%) for normal myocar- 
dium was observed; the infarcted myocardium showed an 
average enhancement of 90% (range, 50-160%). Improved 
infarct definition after Gd-DTPA administration was assessed 
by visual inspection and by measuring significantly higher 
contrast ratios between normal and infarcted myocardium in 
all five patients. 


Discussion 


The present study demonstrates the potential of Gd-DTPA 
to improve detection and definition of acute myocardial infarc- 
tion in humans. A bolus injection of 0.1 mmol/kg Gd-DTPA 
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induced a marked shortening of T1 relaxation time in the 
infarcted area, thereby enhancing the signal intensity of the 
infarcted myocardium. Both visual inspection and measure- 
ment of the signal intensity of the infarcted myocardium 
relative to normal myocardium showed improved infarct defi- 
nition on postcontrast images. These results are in accor- 
dance with a recent study comparing Gd-DTPA enhancement 
in different stages of myocardial infarction [9]. 

Maximal contrast between normal and infarcted myocar- 
dium was seen 20-30 min after Gd-DTPA administration in 
four patients, probably because of delayed washout of the 
contrast agent from the infarcted zone as compared with 
normal myocardium. 

Our study also shows an average enhancement of 40% for 
normal myocardium. Enhancement of normal myocardium is 
related to myocardial blood flow and offers the potential to 
detect hypoperfusion distal to severe stenotic coronary arte- 
ries as demonstrated in experimental studies [10]. 

Although MR without the use of contrast agents can detect 
and localize myocardial infarction, there are still notable limi- 
tations. When no contrast agent is used, spin-echo images 
with long echo times (multiecho images) usually are acquired 
for improved definition of the infarct. However, these images 
have a less-than-optimal signal-to-noise ratio as Compared 
with images that have short echo times. Another advantage 
of the multislice, single-echo technique is the potential capa- 
bility of obtaining images of the entire left ventricle with high 
signal-to-noise ratio. However, the signal-to-noise ratio of 
second-echo, multislice cardiac images is poor because of 
cardiac movement. Flow artifacts are also more pronounced 
when the multiecho technique is used. 

The effect of Gd-DTPA administration is observed to best 
advantage on images with short echo times. Therefore, the 
application of Gd-DTPA obviates the use of multiecho tech- 
niques and thereby eliminates some potential pitfalls. Fur- 
thermore, Gd-DTPA probably can discriminate between the 
areas of increased wall signal caused by infarction and the 
areas of increased myocardial signal observed on the T2- 
weighted images of asymptomatic volunteers. Areas of in- 
creased wall signal in asymptomatic persons can occur in up 
to 83% of the population and are not well understood [3]. 
Probably respiratory motion or cardiac wall motion can ac- 


AJR:150, March 1988 


count for this increased-wall-signal artifact [5]. Another poten- 
tial application of Gd-DTPA is the differentiation between 
reversible and irreversible myocardial injury [11]. 

In conclusion, Gd-DTPA-enhanced MR using spin-echo 
images with short echo times improves the detection and 
definition of acute myocardial infarction in humans and elimi- 
nates some confounding factors that are related to multiecho 
techniques. 
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Aortobronchopulmonary Fistula 
Complicating Aortic Aneurysm: 
Diagnosis in Four Cases 





Aortobronchopulmonary fistula, a fistulous connection between the aorta and lung, is 
uniformly fatal in untreated cases. However, with early recognition and surgery, the 
survival rate exceeds 80%. We have had four patients with aortobronchopulmonary 
fistula, all of which resulted from thoracic aortic aneurysms (two after grafting of thoracic 
aortic aneurysms, one mycotic, one atherosclerotic). All four patients presented with 
hemoptysis. All four had a chest radiograph, which in two showed the aneurysm and in 
three showed airspace disease adjacent to the aorta. The aneurysm was shown by CT 
in one of two patients and by aortography in two of three patients. Neither CT nor 
aortography showed the fistula. Aortobronchopulmonary fistula was proved by surgery 
in two of the patients and by autopsy in the other two. 

A high index of suspicion is necessary to make the diagnosis of aortobronchopul- 
monary fistula. The diagnosis should be considered in patients who have minor or major 
hemoptysis, with either coexisting thoracic aortic aneurysms or history of thoracic 
aneurysm repair. 


An aortobronchopulmonary fistula is a fistulous connection between the aorta 
and lung, most commonly occurring in patients with thoracic aortic aneurysms 
[1]. If undiagnosed, this entity is uniformly fatal. However, with surgery, the survival 
rate exceeds 80%. Unfortunately, premortem diagnosis is made in less than 50% 
of cases [1, 2]. We describe our experience in four patients. 


Case Reports 
Case 1 


A 58-year-old man was admitted for investigation of chest pain and hemoptysis of 1-week 
duration. He had a history of long-standing, chronic obstructive lung disease and congestive 
heart failure. A chest radiograph 1 year earlier showed aneurysmal dilatation of the thoracic 
aorta (Fig. 1A). An admission chest radiograph showed left upper lobe airspace disease that 
obscured the lateral margin of the aortic arch (Fig. 1B). Shortly after admission, the patient 
became hypotensive, developed ventricular tachycardia, and died despite attempts at cardiac 
resuscitation. 

Autopsy revealed both new and old myocardial infarcts. In addition, a 4 x 3 cm saccular 
atherosclerotic aneurysm was found at the junction of the transverse arch and descending 
aorta that had eroded into the adjacent left upper lobe bronchus (Fig. 1C). 


Case 2 


A 54-year-old man presented with recurrent hemoptysis and chest pain. Five months 
earlier at another hospital, a left upper lobectomy was performed for hemoptysis thought to 
be caused by an aspergilloma within a tuberculous cavity. An admission chest radiograph 
revealed volume loss of the left hemithorax from previous surgery and a new aneurysm of 
the aortic arch (Fig. 2A). Aortography showed a large saccular aneurysm. The patient was 
not considered a good surgical candidate and was discharged from the hospital. He returned 
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Fig. 1.—Aortobronchopulmonary fistula caused by atherosclerotic aortic aneurysm. 

A, Posteroanterior chest radiograph taken 1 year before admission shows cardiomegaly and 
dilatation of thoracic aorta. 

B, Anteroposterior chest radiograph on admission shows left upper lobe airspace disease with 
obliteration of aortic arch outline. 

C, Autopsy specimen of aorta (Ao). Fistula (arrows) that contains clot (C) has formed from 
erosion of aneurysm into left upper lobe. 


Fig. 2.—Aortobronchopulmonary fistula 
caused by invasion by Aspergillus. 

A, Posteroanterior chest radiograph shows 
aneurysm of aortic arch. 

B, Posteroanterior chest radiograph made 5 
days after A, when patient developed hemop- 
tysis, shows airspace disease about aortic arch. 
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5 days later with massive hemoptysis. A chest radiograph revealed 
left upper lobe consolidation (Fig. 2B). Two days after admission, the 
patient had a respiratory arrest and died. 

At autopsy, a 10 x 6 cm aneurysm of the proximal descending 
thoracic aorta was found adherent to the posteromedial pleural 
surface of the left lung. Invasion of the aortic wall by Aspergillus had 
caused a perforation connecting the aneurysm to a diffusely hemor- 
rhagic left lung. 


Case 3 


A 42-year-old man with Marfan syndrome presented at another 
hospital with recurrent hemoptysis. Ten years earlier, a descending 
thoracic aortic aneurysm had been repaired with a synthetic graft. A 
chest radiograph showed left lower lobe consolidation adjacent to 
the aortic graft. Bronchoscopy revealed bright red blood coming from 
the left lower lobe bronchus. CT showed a 5 x 7 cm aneurysm of 
the descending thoracic aorta with adjacent airspace disease (Fig. 
3A). The patient was referred to our hospital with a presumed 
diagnosis of aortobronchopulmonary fistula. Aortography showed a 
synthetic graft arising distal to the left subclavian artery and termi- 
nating 4 cm above the diaphragm (Fig. 3B). A large saccular aneurysm 
arose just below the distal anastomosis. 

At thoracotomy, the aneurysm was found adherent to the posterior 
basal segment of the left lower lobe. An aortobronchopulmonary 
fistula had developed from a failed suture line at the distal anasto- 
mosis (Fig. 3C). Wedge resection of the posterior basal segment and 
aneurysm repair with a woven Dacron graft were performed. Subse- 
quent cultures of the resected aneurysm and graft were sterile. The 
patient had an uneventful recovery. 


Case 4 


Three years after receiving an aortic graft for an atherosclerotic 
aneurysm of the descending thoracic aorta, a 71-year-old man pre- 
sented with persistent hemoptysis. Frontal and lateral chest radio- 
graphs on admission showed an unfolded aorta and a graft of the 
descending thoracic aorta. The lungs were normal. Bronchoscopy 
showed blood coming from the left main bronchus. CT and aortog- 
raphy showed no evidence of recurrent aneurysm, dissection, or 
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Fig. 3.—Aortobronchopulmonary fistula after aneurysm repair. 
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fistula. The hemoptysis stopped after 2 days, and the patient was 
discharged from the hospital. After 5 days, he returned with recurrent 
hemoptysis and underwent thoracotomy for a presumed aortobron- 
chopulmonary fistula. 

The surgeons found a tear in the native aorta, adjacent to the 
proximal anastomosis with adherence of the left lung to the descend- 
ing aorta. Repair of the fistula was complicated by cardiac arrest, 
and the patient died during surgery. 


Discussion 


First reported in 1934 [3], an aortobronchopulmonary fistula 
is a fistulous connection between the thoracic aorta and lung. 
Most fistulas result from thoracic aortic aneurysms; this was 
the case in 23 of 25 patients reviewed by Demeter and 
Cordasco [1]. In their series, the cause of the aneurysm could 
be determined in 19 and was atherosclerotic in eight (42%), 
postsurgical in four (21%), mycotic in six (32%), and traumatic 
in one (5%). However, not all aortobronchopulmonary fistulas 
arise from aneurysms; spontaneous fistulas without aneu- 
rysm or dissection may occur [4]. Also reported are fistulas 
in association with congenital heart disease such as aortic 
coarctation or patent ductus arteriosus [5, 6]. Before 1970, 
mycotic aneurysms caused by tuberculosis and syphilis were 
the leading cause of aortobronchopulmonary fistulas [2]. Now 
the most common causes are postsurgical and atheroscle- 
rotic aneurysms. Although mycotic aortobronchopulmonary 
fistulas still occur, they are more likely to occur as a postop- 
erative complication after aortic repair. 

Postoperative aortobronchopulmonary fistulas result not 
only from infection, but also from recurrence of the aneurysm 
[7, 8] and from erosion of the aorta by an adjacent chest 
tube, spinal fixation device, or other hard foreign body [9]. 
Garrett et al. [10] believe that the risk of a postoperative 
aortobronchopulmonary fistula is reduced by subadventitial 
resection of the aneurysm. This prevents adherence of lung 
to a vascular suture line by providing a fibrous covering of the 
sutures and graft. Others [8] argue that postsurgical aorto- 





A, CT shows aortic aneurysm with associated left lower lobe airspace disease. 
B, Aortography shows large saccular aneurysm arising just below graft’s distal anastomosis. 
C, Resected aneurysm shows fistula (arrows) arising at anastomosis of graft (G) and native aorta (Ao). 
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bronchopulmonary fistulas are caused by a degenerative 
process independent of the type of resection or anastomosis 
performed. 

Aortobronchopulmonary fistulas have been described after 
a variety of surgical repairs, including external wall reinforce- 
ment with Dacron [11], preserved homografts [12], and Ivalon 
grafts [7]. Fistulas may occur years after surgery, with re- 
ported examples occurring 10 or more years postoperatively 
[13] and one 15 years after homograft repair of a congenital 
aortic coarctation [12]. Our postsurgical patients presented 3 
and 10 years after surgery, respectively. 

Symptoms of aortobronchopulmonary fistula include chest 
pain, cough, dyspnea, and hemoptysis [1]. Hemoptysis is the 
most common presenting symptom and occurs in over 95% 
of cases [1]. The hemoptysis is usually massive, but occa- 
sionally it is minor and intermittent. 

The aneurysm erodes into the lung by either pressure 
necrosis or a low-grade inflammatory process. The hemop- 
tysis may diminish or even cease as thrombus forms within 
the fistula. Subsequent lysis or dislodgment of the clot may 
cause the process to repeat itself, giving rise to intermittent 
hemoptysis. Without intervention, the fistula may enlarge and 
lead to fatal exsanguination [13]. Therefore, minor hemoptysis 
may be the clue to the diagnosis and precede a fatal hemor- 
rhage anywhere from 2 days to 1 year; this allows sufficient 
time for diagnosis and definitive treatment [2, 13]. 

Unfortunately, hemoptysis is a nonspecific symptom. With 
minor and intermittent hemoptysis, the diagnosis may go 
unrecognized. This may end in death [1, 3, 12], as in our case 
4 when (as in other reports) the minor and intermittent hem- 
optysis led to the mistaken diagnosis of bronchitis [10, 13]. 
A history of hemoptysis in a patient with either radiographic 
evidence of a thoracic aortic aneurysm or previous surgical 
repair of a thoracic aortic aneurysm should suggest the 
diagnosis of aortobronchopulmonary fistula. 

Lung consolidation, resulting from hemorrhage into lung 
through the fistula, is the most common radiographic finding 
in aortobronchopulmonary fistula. A more specific finding is 
the demonstration of a thoracic aortic aneurysm, which can 
be seen on the chest radiograph in 46% of cases [1]. If the 
aneurysm is small or if the outline is obscured by adjacent 
airspace disease, aortography or CT may show the aneurysm. 
Although aortography may show the fistula, this is unusual 
because the fistula is usually filled with clot [13]. 

Bronchoscopy is considered the best means to identify the 
source of hemoptysis regardless of its cause. In aortobron- 
chopulmonary fistula, bronchoscopy may allow visualization 
of the fistulous opening into the tracheobronchial tree. How- 
ever, bronchoscopy should be performed with caution be- 
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cause bronchoscopic manipulation could dislodge clot within 
the fistula [13] or perforate the aneurysm that is adherent to 
the lung. This could result in life-threatening hemorrhage. 

Aortobronchopulmonary fistula was universally fatal until 
1959, when DeProphetis et al. [14] described the first suc- 
cessful repair. Surgery remains the treatment of choice 
[1, 13]. 

Aortobronchopulmonary fistula is an uncommon but uni- 
formly fatal condition if left untreated. The diagnosis should 
be suspected in patients who have both hemoptysis (usually 
massive, but also minor and intermittent) and a thoracic aortic 
aneurysm. Aortobronchopulmonary fistula must be excluded 
in any patient with hemoptysis and a graft of the thoracic 
aorta. 
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Image-Intensifier 
Photofluorography and 
Conventional 

Chest Radiography: Comparison of 
Diagnostic Efficacy 





Photofluorography with a large image intensifier, which provides an image field of 40 
x 40 cm, reduces both the radiation dose and the imaging costs in chest radiography 
as compared with the film-screen technique. The two techniques were evaluated in a 
clinical study of 135 patients with suspected chest abnormalities. Photofluorographs 
and film-screen chest radiographs were interpreted independently by three radiologists. 
The diagnoses were confirmed by CT, follow-up radiographs, and clinical records. 
Among the 135 patients, 75 had primary lung cancer, 39 had pulmonary nodules, 52 had 
hilar or mediastinal abnormalities, 17 had pleural fluid, and 45 had pneumonic or 
atelectatic changes. Twenty-three normal subjects were included. Differences in diag- 
nostic accuracy, measured by sensitivity and specificity, were not statistically significant. 
A larger number of true-positive cases (65%) with peripheral lung nodules were found 
by photofluorography than by film-screen radiography (54%) (p < .05). 

The results suggest that the diagnostic accuracy of chest images made by photofluo- 
rography is sufficient to warrant using it instead of the film-screen technique in routine 
chest radiography, especially to detect lung tumors and metastases. 


The introduction of an image intensifier with an input screen large enough for 
chest examination (Optilux 57, Siemens, Erlangen, West Germany) has resulted in 
the adaptation of image-intensifier photofluorography to clinical chest radiography. 
The technique offers several important advantages, including a small radiation dose 
as well as financial savings. Previous studies on this imaging technique have 
reported good visualization of most anatomic details of the chest [1, 2]. Investiga- 
tions have shown it to have a detection rate for peripheral nodules and hilar or 
pleural diseases that is comparable with that of conventional film-screen chest 
radiography [1]. 

We compared the diagnostic efficacy of image-intensifier photofluorography with 
that of conventional film-screen chest radiography in the diagnosis of lung tumors, 
metastases, and associated findings in a group of patients admitted for CT 
evaluation of suspected pulmonary malignancy. 


Materials and Methods 


The study group consisted of 150 consecutive patients who were admitted to the Kuopio 
University Central Hospital for CT examination of the chest because of suspected primary 
lung tumor or pulmonary metastases. After the CT scans, posteroanterior and lateral chest 
radiographs were obtained by both conventional full-size film-screen radiography and image- 
intensifier photofluorography (Table 1). The same parameters were used for both techniques: 
125 kVp, 2-m focus-to-film/image-intensifier distance, stationary grid, and automatic expo- 
sure-timing control. For conventional chest radiography, a three-phase, six-pulse generator 
(Valmet BR 2002, Tampere, Finland) with a Comet 22/52-150 tube (Bern, Switzerland) was 
used. Photofluorograms were obtained with a Siemens Optilux 57 image intensifier coupled 
to a 100-mm magazine camera (Sircam 100L, Siemens, Erlangen, West Germany). In image- 
intensifier photofluorography, the image from the output screen of the image intensifier is 
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TABLE 1: Radiographic Techniques 
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Relative 
System Film Screen Grid Radiation 
Dose’ 
Conventional film-screen technique Dupont Agfa Gevaert Stationary 10:1, 40 3.9 
Cronex 4 Curix Special lines/cm 
Image-intensifier photofluorography? Agfa Gevaert Not used Stationary 12:1, 40 1.0 
Scopix RP1 lines/cm 





° Relative radiation dose is expressed as a ratio of doses of the two procedures (conventional film screen/photofluorography). 


P The equipment used was a Siemens Optilux 57 (Erlangen, West Germany). 


a 
Patient plane 





X-ray tube Casette with film and screen 
A 100-mm 
X-ray tube Patient plane Image intensifier fiim camera 


Fig. 1.—Schematic representation of image-intensifier photofluorogra- 
phy (bottom) and film-screen radiography (top). 


recorded on 100 x 100 mm photospot film (Fig. 1). The maximum 
image format of the device, providing a 40 x 40 cm rectangular 
image field, was used. 

After a follow-up period of 6 months-1.5 years, the radiographic 
results and clinical data for each patient were assembled. CT was 
the principal radiographic reference for the findings. All previous and 
subsequent plain chest radiographs as well as other CT scans and, 
in some cases, conventional tomograms were available. Bronchos- 
copy was performed in 130 cases, mediastinoscopy was performed 
in five cases, and thoracoscopy was performed in one case. Histo- 
pathologic diagnosis was also available. After CT examination, a 
diagnosis of enlarged hilar or mediastinal nodes was made if individual 
nodes 2 cm or more in diameter were found or if several nodes that 
were at least 1 cm in diameter were found. Tumor invasion of 
pulmonary hilum, mediastinum, or pleura was diagnosed if direct 
contact between a tumor and these structures was observed by CT. 

Chest abnormalities were unequivocally confirmed in 138 (92%) of 
the 150 patients, three of whom were excluded from the study 
because their chest radiographs or photofluorograms were inade- 
quate (e.g., because the phase of inspiration was inappropriate or 
the patient was positioned incorrectly). Thus, 135 patients (102 men 
and 33 women) with a mean age of 64 years (range, 28-85 years) 
were included in the chest-film comparison. The selection of the test 
radiographs and the registration of the confirmed diagnoses were 
done by a supervising radiologist who did not participate in the 
interpretation of the test films. 

The radiographs were assigned code numbers and were inter- 
preted independently by three radiologists. All the interpreters had 
had previous experience with photofluorographic chest examinations, 
which make up about 15% of all the chest radiographs in our 
department. Photofluorograms and conventional radiographs were 
interpreted at separate sessions with at least a 2-week interval 


between the viewing of radiographs in the same patient. The conven- 
tional films were interpreted on a conventional view box, and the 
photofluorograms were interpreted on an illuminator with an attached 
magnifying glass. In each case, extra light was carefully blended from 
the film by masking the view box and spot-film illuminator to the film 
size. Room illumination was dim and constant. The time reserved for 
film interpretation was unlimited, but to avoid reader fatigue, the 
maximal number of films per reading session was 30. The radiologists 
were asked to record the following pattern of findings and to locate 
each finding on diagrams of frontal and lateral chest radiographs: (1) 
primary lung tumor and its possible invasion of pulmonary hilum, 
mediastinum, or pleura; (2) pulmonary nodules; (3) hilar and/or me- 
diastinal disease; (4) pleural fluid; (5) pneumonic and/or atelectatic 
changes. Neither the proportion of abnormal cases nor any informa- 
tion concerning previous radiologic findings or clinical history was 
provided. Before test-film interpretation, each observer was trained 
in diagnostic criteria under the guidance of the supervising radiologist; 
10 chest films that had been excluded from the series were used. 
The record forms were graded by two of the authors after the entire 
study had been completed. 

In 135 patients, there were 75 primary lung cancers, 11 of which 
were resectable (no invasion of hilar region, mediastinum, or pleura). 
In 52 cases, hilar or mediastinal abnormalities were present, and 
there were 39 pulmonary nodules (34 were metastases and five were 
benign tumors). Most nodules were less than 3 cm in diameter; clearly 
calcified lesions were not included in the nodule category. Pleural 
fluid was found in 17 cases, and 45 patients had pneumonic/atelec- 
tatic changes, usually caused by a primary lung tumor. Chest radio- 
graphs in 23 patients were normal with respect to these registered 
findings and showed only insignificant abnormalities such as pleural 
plaques, postinflammatory changes, or mediastinal lipomatosis. In 53 
patients, however, two or more findings were seen. In the nodule 
category, all nodules were registered as individual findings: five 
patients had two peripheral nodules, three patients had three, and 
one patient had five. The total number of observations for all cate- 
gories (except pulmonary nodules) was 405 (three radiologists inter- 
preted 135 chest radiographs); the total number of observations for 
pulmonary nodules was 450. 

For the statistical analysis of the differences in sensitivity and 
specificity values between image-intensifier photofluorography and 
film-screen radiography, the McNemar chi-square test was applied, 
and 95% confidence intervals for the differences were calculated. 


Results 


Sensitivity and specificity of the image-intensifier photofluo- 
rography and conventional chest radiography averaged over 
all observers are given in Tables 2 and 3. Diagnostic efficacy 
of the two imaging techniques was almost identical with 
respect to the detection of primary lung tumors and medias- 
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TABLE 2: Sensitivity of the Imaging Techniques for Each 
Finding* 





Sensitivity Difference in 
Sensitivities 
g ea) of the Two 
Findin onventiona Techniques 
Fhe hatahueyrapty = 9S% 
Radiography OgraPAY Confidence 
Interval 
Primary lung tu- 
mor 0.84 (189/225) 0.82 (185/225) 0.02 + 0.05 
Pulmonary nod- 
ules 0.54 (63/117) 0.65 (76/117)? —0.11 + 0.09 
Mediastinal/hilar 
disease 0.61 (95/156) 0.64 (100/156) —0.03 + 0.07 
Pleural fluid 0.49 (25/51) 0.61 (31/51) —0.12 + 0.16 
Pneumonia/ 
atelectasis 0.72 (97/135) 0.79 (106/135) —0.07 + 0.08 
Total findings 0.69 (469/684) 0.73 (498/684) —0.04 + 0.04 


SS ee ee ST NS y ee =: 
Note.—Sensitivity number = number of correctly diagnosed positive cases 
+ number of all positive cases. 
* Absolute frequencies of observartions are in parentheses. 
> x? = 5.83, p = .025 
e x? = 6.22, p = .025 


TABLE 3: Specificity of the Imaging Techniques for Each Type 
of Finding’ 





Specificity Difference in 
Specificities 
s bate of the Two 
Findin onventiona Techniques 
P SS  photshurograply = 99% 
Radiography Y Confidence 
Interval 
Primary lung tu- 
mor 0.94 (170/180) 0.94 (169/180) 0.00 + 0.02 
Pulmonary nod- 
ules 0.96 (320/333) 0.94 (313/333) 0.02 + 0.01 
Mediastinal/hilar 
disease 0.92 (229/249) 0.91 (226/249) 0.01 + 0.02 
Pleural fluid 0.95 (336/354) 0.96 (339/354) —0.01 + 0.01 
Pneumonia/ 
atelectasis 0.97 (261/270) 0.97 (261/270) 0.00 + 0.01 
Total findings 0.95 (1316/1386) 0.94 (1308/1386) 0.01 + 0.01 





Note.—Specificity = number of correctly diagnosed negative cases + num- 
ber of all negative cases. 
* Absolute frequencies of observations are in parentheses. 
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tinal/hilar disease. No statistically significant difference was 
found between the two methods in detecting hilar, medias- 
tinal, and pleural invasion of the tumor, with sensitivity values 
of 0.90 and 0.92 and specificity values of 0.73 and 0.60 for 
image-intensifier photofluorography and conventional radiog- 
raphy, respectively. The greater number of true-positive find- 
ings with image-intensifier photofluorography regarding 
pleural fluid and pneumonic/atelectatic changes was not sta- 
tistically significant. A larger number of true-positive cases 
(65%) with pulmonary nodules were found by image-intensifier 
photofluorography than by film-screen radiography (54%) (p 
< .05). Photofluorography also proved to be better in terms 
of the frequency with which a pulmonary nodule was missed 
by one imaging technique but was detected by the other. On 
conventional film, a lung nodule remained undetected in 21 
cases in which it was correctly detected on the photofluoro- 
gram, whereas a pulmonary nodule detected on full-size film 
was missed only eight times on photofluorography. When all 
findings are considered, image-intensifier photofluorography 
resulted in fewer false-negative results (27% vs 31%) (p < 
.05). The good overall performance of this new imaging 
technique is illustrated by the fact that the false-positive rate 
of image-intensifier photofluorography was not significantly 
higher than that of conventional chest radiography, (6% vs 
5%, respectively). 

Diagnostic accuracy obtained by the individual radiologists 
varied considerably (Table 4). Differences in sensitivity and 
specificity between the techniques for any of the findings did 
not reach statistical significance for any of the interpreters. 
Table 4 also indicates that the overall accuracy of the imaging 
techniques was almost equal. 

In this series, some of the findings were so obvious that no 
error was made by any of the observers. Although such cases 
are not useful for discriminating between the imaging tech- 
niques, they were included because they are representative 
of a typical radiologic search for pulmonary malignancy. To 
test whether these obvious cases influenced the results, 
those findings in which all three radiologists had recorded a 
true-positive or a true-negative diagnosis by both techniques 
(472/690 or 67%) were excluded. Twenty-eight of the 135 
patients had obvious findings with respect to all findings. 
Figure 2 shows the diagnostic performance of the imaging 
techniques when cases in which there were no diagnostic 
errors with either imaging technique have been excluded. 


TABLE 4: Diagnostic Performance of Image-intensifier Photofluorographs and Conventional Chest Radiographs by Individual 


Radiologists. Totals for All Findings. 





Sensitivity Specificity Overall Accuracy 
Radiologist 
Number Conventional Image Intensifier Conventional Image Intensifier Conventional Image Intensifier 
Radiography Photofluorography Radiography Photofluorography Radiography Photofluorography 
1 0.73 0.82 0.94 0.95 0.87 0.90 
2 0.72 0.77 0.95 0.93 0.88 0.87 
3 0.60 0.60 0.95 0.95 0.84 0.83 
Mean 0.69 0.73 0.95 0.94 0.86 0.87 





Note.—Overall accuracy = (correctly diagnosed positive cases + correctly diagnosed negative cases) + total number of cases. Sensitivity and specificity 


calculated as noted in Tables 2 and 3. 
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Fig. 2.—Diagnostic performance of image-intensifier (li) photofluoro- 
graphs and conventional chest radiographs for all findings averaged for 
all observers (678 determinations); cases in which there were no diagnostic 
errors with either imaging technique have been excluded. 


Regarding the individual findings, the order of superiority 
between the techniques did not change nor did the statistical 
significance of the differences. 

Finally, consistency of agreement among the radiologists 
on the correct interpretation was tested for both imaging 
techniques. The radiologists all agreed on the correct re- 
sponse in 75% (1557/2070) of the findings on conventional 
radiographs and in 76% (1572/2070) of the findings on pho- 
tospot films. The result further confirms that the overall di- 
agnostic accuracy of the two imaging techniques is similar. 
Figure 3 shows two pairs of chest radiographs obtained by 
using the two imaging techniques; all four radiographs are of 
the same patient. 


Discussion 


A few reports have been published concerning experiences 
with large-screen image-intensifier photofluorography in clini- 
cal chest radiography [1-4]. Although the spatial resolution 
of the technique is only 70-90% of that of most film-screen 
combinations used in conventional radiography, and despite 
the moderate electron-optical distortion in the peripheral field, 
image-intensifier photofluorography has been promising in 
these preliminary studies. However, a thorough Clinical eval- 
uation (using an independent reference method for confirma- 
tion) of the diagnostic efficacy of this new imaging technique 
in comparison with conventional chest radiography has not 
been published previously. Because the search for and the 
staging of lung tumors and metastases is of major importance 
in chest radiology, we wanted to determine the diagnostic 
performance of the new technique in this difficult area. 

The anatomic regions situated in the central part of the 
imaging field are well visualized with image-intensifier photo- 
fluorography [1, 2]. Thus, the good performance of image- 
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intensifier photofluorography in hilar and mediastinal disease 
as well as in primary lung tumors is not surprising. The short 
exposure time (about one-third that of the conventional tech- 
nique) certainly has a favorable effect on the visualization of 
the hilum, since lack of sharpness due to motion may blur 
anatomic details in these regions [5]. Disease detection is, 
however, not only a matter of visualization but also of pattern 
recognition. Our experience with image-intensifier photofluo- 
rography in routine clinical work is that some familiarity with 
the photospot films was required before a consistent degree 
of diagnostic accuracy could be achieved. The fact that 
consistency of agreement among the radiologists on the 
correct response was almost identical with both imaging 
techniques indicates that the participating radiologists had 
adequate experience in the interpretation of the photospot 
films. 

The good sensitivity of image-intensifier photofluorographs 
in the diagnosis of pleural fluid (Table 2) is in agreement with 
the finding of Neufang et al. [1] regarding the fine visualization 
of costopleural angles with this imaging technique. The reason 
that the detection of pneumonia or atelectasis is slightly more 
accurate on photospot films is not obvious, since subtle 
interstitial changes, especially in the lung periphery, have been 
reported to be poorly visualized [1]. The false-negative inter- 
pretation of inflammatory changes in our study probably is a 
problem of pattern recognition. Further analysis revealed that 
most of the false-negative cases were classified by the inter- 
preters as chronic parenchymal changes. 

Image-intensifier photofluorography showed somewhat 
better sensitivity for detecting pulmonary nodules than did 
conventional chest radiography (Table 2). A decrease in the 
number of false-negative results (31 vs 44 of 117 observa- 
tions) was achieved at the expense of a smaller increase in 
false-positive results (20 vs 13 of 333 observations). Thus, 
theoretically, 13 new nodules were detected at the expense 
of seven additional cases of false-positive findings. Because 
of the relatively small number of pulmonary nodules in the 
present series, this result should be verified by further studies. 

Detection of small peripheral nodules of threshold contrast 
in a complex background requires careful visual scanning. 
Radiologists may have studied photofluorograms more thor- 
oughly than they did conventional chest radiographs. The 
time spent searching for pulmonary nodules was not ana- 
lyzed, but the time required for the total interpretation pro- 
cedure for all findings did not differ markedly between the 
imaging techniques. A more likely explanation for the good 
diagnostic performance of photospot films may be found in 
some aspects of the perception of pulmonary nodules. Spatial 
resolution is not critical for the detection of solitary pulmonary 
nodules [6, 7]. An important factor for nodule detection is 
probably the image size. Tuddenham [8] was the first to show 
that the visibility of structures with ill-defined margins is 
significantly improved by image reduction. The 3.5x magni- 
fying spot-film viewer has not been useful in the detection of 
pulmonary structures [2]. In clinical practice, we prefer a 
conventional spot-film illuminator with either an attached mag- 
nifying glass or Mattson’s viewer (Siemens-Elema, 
Stockholm, Sweden). 
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C 
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Fig. 3.—Frontal (A) and lateral (B) chest radiographs obtained with image-intensifier photofluorography. Frontal (C) and lateral (D) 
radiographs obtained by using film-screen technique. Patient has a centrally situated hamartoma (arrow on B) behind right pulmonary 


hilum. 


The present results indicate that photofluorography with a 
large-screen image intensifier is applicable to radiographic 
diagnosis of pulmonary malignancies. The technique offers 
significant reduction of the radiation dose in comparison with 
most film-screen combinations used in the full-size technique. 
Although the cost of large-screen image-intensifier equipment 
is somewhat higher than that of conventional chest radio- 
graphic equipment, a savings of about 80% in the film and 


processing chemical costs, as well as the decisively smaller 
filing space it requires, makes the technique highly competitive 
financially. Because of the small size of the photospot film, 
some practical problems remain with viewing the photofluo- 
rograms. Care must also be taken to block extra light from 
around the photospot film. A conventional autoalternator or 
view box is thus not suitable for film viewing, unless additional 
masks are used. 
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Latissimus Dorsi Cardiomyoplasty: 
Radiographic Findings 





Left latissimus dorsi muscle cardiomyoplasty is a surgical procedure in which the 
muscle is mobilized as a pedicled flap, moved into the left pleural and mediastinal 
cavities, and used for surgical repair and/or mechanical augmentation of a failing left 
ventricle. Chest radiographs in four patients who had undergone this procedure were 
evaluated. In all four patients, there was bandlike or diffuse increase in density in the 
left midhemithorax with loss of the left heart border. These findings, which could be 
misinterpreted as lung disease, represent the transposed muscle flap. CT showed the 
exact anatomic position of the flap in relation to the intrathoracic structures. 

Familiarity with the postoperative radiographic appearance of this type of myoplasty 
is important to avoid misinterpretation. 


Dynamic cardiomyoplasty is a recently developed surgical technique that uses 
electrostimulated autogenous skeletal muscle for long-term mechanical cardiac 
assistance, myocardial replacement, and myocardial revascularization. It is used in 
patients with irreversible pump failure refractory to other forms of therapy [1, 2]. It 
avoids the problems of allograft tissue rejection, immunosuppressive therapy, and 
donor supply inherent in cardiac transplantation, and overcomes the problems of 
dependence on external power sources, thromboembolism, and frequent infection 
common to artificial heart replacement. Three successful cases have been reported 
in the literature [3, 4]. 

The left latissimus dorsi muscle (LLDM) is ideal for this purpose because of its 
proximity to the heart, its large contractile mass, the lack of appreciable morbidity 
caused by its displacement to the thorax, and the technical simplicity in transposing 
it to the heart [5]. The radiographic findings created by the transposed LLDM flap 
in four patients who underwent this procedure are the subject of this report. 


Materials and Methods 


Between September 1985 and February 1987, four patients underwent LLDM flap car- 
diomyoplasty at Allegheny General Hospital. The patients included two men and two women 
ranging in age from 45 to 65 years. In three cases, the LLDM was used to repair large 
ventricular aneurysms, which had significantly compromised the cardiac function. The fourth 
patient has a right coronary artery bypass graft at the time of cardiomyoplasty, which was 
performed with the intention of using the LLDM flap primarily for left ventricular augmentation. 

Chest radiographs of the four patients were taken throughout their postoperative course, 
which ranged from 33 to 65 days. The radiographs were reviewed and correlated with CT 
findings and clinical data. The preoperative chest radiographs were available in all patients 
for comparison. Three of the four patients who are surviving had follow-up chest radiographs 
at 32-21 months after surgery. Early postoperative radiographs were obtained with the 
portable technique, with the patient in the semierect or erect position. Later in the postoper- 
ative course, whenever the patient's condition permitted, standard posteroanterior and lateral 
films were obtained. Lateral decubitus views were also obtained when indicated. 

CT scans were obtained in all four patients at 17 days, 42 days, 15 months, and 21 
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months, respectively, after LLDM cardiomyoplasty on a Picker Inter- 
national, Inc., (Highland Heights, OH) 1200 SX scanner, with scanning 
techniques of 2 sec, 130 kVp, 332 mAs, 10-mm collimation, and 10- 
mm intervals. One patient was studied without and with IV adminis- 





Fig. 1.—Diagram shows transposed left latissimus dorsi muscle flap 
(M) descending from third left rib to join and wrap around ventricular 
surface of heart. Note defect in left second rib created surgically to bring 
muscle flap into left hemithorax. Also note relative position of pacemaker 
electrodes (E). 
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tration of water-soluble contrast medium, one patient with contrast 
enhancement only, and two patients without contrast enhancement. 

The surgical procedure is as follows [3, 4]. The left latissimus dorsi 
muscle is dissected free and brought into the chest, with its preserved 
neurovascular bundle, through a window created by partially resect- 
ing a left upper rib. Through a midline sternotomy, the muscle is 
brought across the surface of the heart and attached to the left 
ventricle and to a portion of the right ventricle for myocardial wall 
reinforcement and functional augmentation. A permanent dual-cham- 
ber pacemaker is implanted to stimulate the LLDM flap to contract 
synchronously with the ventricular systole. Myocardial electrodes are 
implanted on the right heart for sensing, and two pacing electrodes 
are affixed onto the LLDM, one proximally and one distally over the 
muscle flap (Fig. 1). The pulse generator is implanted subcutaneously 
just below the costal margin. 


Results 


The chest radiographs in all patients showed bandlike or 
diffuse density in the left midhemithorax, causing total or 
partial loss of the left heart border from the apex to as high 
as the level of the main pulmonary segment (Figs. 2 and 3A). 
This density is difficult to recognize on early postoperative 
portable chest radiographs because of postoperative left 
lower lobe atelectasis and/or pleural effusion. It becomes 
more apparent on later radiographs. In the lateral view, the 
muscle is seen in an anterior and extrapleural location (Fig. 
3B). 

Pacemaker wires indicate the expected position of the 
proximal end of the flap near the neurovascular bundle and 
the distal end of the flap over the left ventricle. The position 
of the sensing electrodes varies. 

CT scans localized the transposed LLDM flap and delin- 
eated its anatomy and course within the left hemithorax. A 
common finding was the presence of a well-circumscribed, 





Fig. 2.—Chest radiograph after left latissimus 
dorsi cardiomyoplasty shows bandlike density 
with partial loss of left heart border, which mimics 
the appearance of lingular lobe atelectasis or con- 
solidation. Elevation of left hemidiaphragm is evi- 
dent. 


Fig. 3.—A, Chest radiograph shows diffuse increase in density of left midhemithorax with total 
loss of left heart border. Note extracardiac location of pacemaker electrodes in left upper chest and 
surgical defect of left second rib. 

B, Lateral chest radiograph shows anterior, extrapleural location and nonsegmental, nonlobar 
distribution of density seen on posteroanterior film. 
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LATISSIMUS DORSI CARDIOMYOPLASTY 





Fig. 4.—CT scans after left latissimus dorsi muscle cardiomyoplasty. 

A, Superior intrathoracic portion of left latissimus dorsi flap (M) just immediate to its entry into thoracic cavity at level of aortic arch. 

B, Midintrathoracic portion of flap (M) abutting anterolateral aspect of left chest cavity as it descends medially toward heart. 

C, Cardiac portion of flap (M) as it wraps around anterior, apical, and apicoposterior aspects of heart. Note difference between flap and myocardium in 
terms of attenuation, homogeneity, and enhancement. Also note linear density of fat attenuation around heart, distinguishing it from flap. Absence of 
surgically removed latissimus dorsi muscle is evident on left side, as distinguished from its normal position on right side (arrow). 


nonhomogeneous soft-tissue mass, pleural in character, abut- 
ting the left anterolateral chest cavity from the level of the 
aortic arch and descending inferomedially to join the ventric- 
ular surfaces of the heart (Fig. 4). Variations in the inferior 
aspect of the soft-tissue flap as it coursed toward the heart 
were observed in all patients. 


Discussion 


Chest radiographs in four patients undergoing LLDM car- 
diomyoplasty revealed a bandlike or diffuse density in the left 
midhemithorax, which obscured the left heart border. This 
density represented the muscle flap, which descended antero- 
laterally from one of the upper ribs to join and wrap around 
the heart, particularly the left ventricle. 

CT provides a cross-sectional view of the muscle flap and 
its relation to other intrathoracic structures. CT can identify 
and separate the flap from lung parenchyma or pleural effu- 
sion when chest radiographs are ambiguous [6, 7], and is 
thus an important tool in the detection of pulmonary infection. 
Potential pitfalls caused by the shadow of the flap on the 
heart—namely, lingula/left upper lobe disease or anterior 
loculated effusion—may be clarified by CT. 

CT is useful for evaluating the cardiac size and cardiotho- 
racic ratio, which cannot be done by routine chest radiographs 
owing to the loss of the left heart border. 

The distinction between muscle flap and myocardium by 
CT can be suggested in most cases by differences in atten- 
uation, homogeneity, and especially contrast enhancement 


[8]. The last gives the best result for evaluating the muscle 
flap—myocardium relationship. 
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Eloesser Window Thoracostomy 
for Treatment of Empyema: 
Radiographic Appearance 





The modified Eloesser procedure or open-window thoracostomy is a surgical treat- 
ment for chronic pleural empyema in which a relatively permanent drainage opening is 
created in the chest wall. The chest radiographs and CT scans of 13 patients who 
underwent a modified Eloesser window procedure were studied. On chest films, the 
Eloesser window characteristically appeared en face as an elliptical or crescent-shaped 
radiolucency with sharp superior and ill-defined inferior margins. It appeared in profile 
as a downward-sloping chest-wall defect with round superior and straight inferior 
margins. The first radiographs made after surgery often showed potentially confusing 
densities caused by the iodinated gauze used to pack the drained empyema cavity. On 
sequential chest films, the defect in the chest wall was always detectable, while the 
pleural cavity diminished in size and usually disappeared within 6 months. 

This analysis shows that the postoperative chest radiographs and CT scans in patients 
having the Eloesser window thoracostomy have features that are characteristic of the 
procedure. 


Pleural empyema is a commonly encountered disease. Generally, primary treat- 
ment is closed thoracostomy drainage with either one or more chest tubes. 
However, in rare instances initial open surgical management may be indicated [1]. 
There are several techniques for either primary or delayed surgical intervention. 
One method of surgical treatment, known as an Eloesser flap or window after the 
surgeon who devised the procedure, has had a resurgence of use [2]. It involves 
the creation of a small, relatively permanent opening in the chest wall, allowing for 
long-term drainage of the empyema without need for indwelling tubes. The ap- 
pearance of chest radiographs obtained after Eloesser window surgery has not 
been well documented. 

The surgical procedure involves making a U-shaped incision through the skin, 
subcutaneous tissue, and muscle down to the ribs, creating a soft-tissue flap. Five- 
centimeter-long segments of the exposed two or three adjacent ribs are resected 
to prevent closure of the drainage channel. The resultant opening usually measures 
approximately 5 x 7 cm. The empyema is then entered and drained as completely 
as possible. The superiorly attached skin flap is folded inward underneath the chest 
wall and sutured to the parietal pleura and empyema peel. At the end of the 
procedure, the empyema cavity is usually packed with iodinated gauze. 


Materials and Methods 


During the years 1979-1986, 17 patients at our institution underwent a modified Eloesser 
window procedure for treatment of chronic nontuberculous empyema. Of these 17 patients, 
serial postoperative radiographs were available for retrospective review in 13 (76%). In 
addition to standard chest radiographs, six of these patients also had postoperative CT 
scans. The follow-up ranged from 1 to 60 months (mean, 12; median, 2.5). There were seven 
right-sided and six left-sided empyemas in the study group. Three patients had had a previous 
pneumonectomy, and 10 had not. The preponderant causes for these empyemas were 
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pneumonia (seven patients) and surgical complications (five patients). 
In the group that had empyemas caused by surgical complications, 
three occurred after pneumonectomy, one developed after combined 
right-middle and right-lower lobe lobectomies, and one was due to 
an anastomotic leak after esophagectomy and gastric interposition. 
In one patient, a Boerhaave-type tear of the esophagus with esopha- 
gopleural fistula was the cause of empyema. Patients ranged in age 
from 49 to 70 years (average, 59 years); all were men. 


Results 


The appearance of the Eloesser window itself was similar 
in all cases. However, the radiographs of the 13 patients were 
divided into two groups, since the postoperative appearance 
of the pleural space differed in those patients who had had a 
pneumonectomy (n = 3) and those who had not (n = 10). 


Patients Who Had Not Undergone Pneumonectomy 


Initial postoperative radiographs revealed localized elliptical 
or round pleural cavities ranging in size from 7 x 1.5 cm to 
11 x 8 cm in the region of the evacuated empyema. Com- 
monly, partial or complete filling of the space with radiopaque 
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iodinated gauze mimicked pulmonary consolidation (Figs. 1A- 
1C). The window was located on the lateral chest wall in five 
patients and on the posterior chest wall in five patients. When 
seen en face, the thoracostomy window itself was sometimes 
visible as an ellipse or crescent of increased lucency super- 
imposed on the larger lucency caused by air in the evacuated 
cavity (Fig. 1B). The Eloesser window always had a sharply 
defined superior margin and usually had an ill-defined inferior 
margin (Fig. 2). When viewed in profile, the chest-wall defect 
had a round superior border and a straight downward-sloping 
inferior contour (Fig. 3). 

In instances in which sequential radiographs were available, 
the cavity size always appeared to be decreased or un- 
changed, but never increased, on successive studies (Fig. 4). 
In five patients, the cavity eventually disappeared at 1 month, 
2 months, 4 months, 6 months, and 14 months, respectively. 
One patient had a small pleural cavity still present 2.5 years 
after surgery. No long-term follow-up radiographs were avail- 
able in the remaining four patients. 

CT scans from the postoperative period were also available 
in six of the 10 cases. Only one of the three patients who had 
scans performed within the first postoperative month had 
residual pleural fluid, and that had resolved completely at 6 








Fig. 1.—56-year-old man who developed an empyema after esophagogastrectomy. 

A, Mobile postoperative radiograph shows areas of density and radiolucency in right mid chest 
due to a combination of iodinated sponge packing and Eloesser window. Density caused by the 
sponge could easily be mistaken for postoperative pneumonitis. 

B, Radiograph made after iodinated packing was removed the next day shows an irregular 
radiolucency (short arrows). Radiolucency is greatest in the center because of rib resection, chest- 
wall defect, and loculated air-filled empyema cavity. Superior margin of Eloesser window is irregular 
but relatively sharply defined (long arrows). 

C, CT scan 1 week later shows surgical sponge extending through Eloesser window into evacuated 
empyema Cavity. There is no evidence of residual fluid within cavity, but pleura is clearly thickened. 
A chest tube is present anteriorly, and postoperative changes of an esophagogastrectomy are 
present in the posterior mediastinum. 
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Fig. 2.—68-year-old man 1 year after Eloesser 
procedure. Posteroanterior radiograph shows 
resected ribs, and a round radiolucency is seen 
at level of left atrium caused by posterior Eloes- 
ser window. 


Fig. 3.—49-year-old man 4 months after 
Eloesser procedure for empyema associated 
with necrotizing aspiration pneumonia. Superior 
margin (arrow) of window is sharp, but inferior 
edge (arrowheads) is poorly defined. 
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A 


Fig. 4.—70-year-old man with chronic right empyema and bronchopleural fistula complicating 


necrotizing pneumonia. 


A, Lateral chest radiograph made 23 days after surgery shows posterior chest-wall window defect. 


Air in empyema cavity outlines visceral pleural peel (arrowheads). 





Fig. 5.—56-year-old man who had had an Eloes- 
ser window procedure 4 years earlier. CT scan 
shows narrow tract (arrows) at site of Eloesser 
window. 


B, 3 months later, pleural cavity is completely obliterated and Eloesser window itself is more 


clearly seen. 


months. The other two scans obtained within 1 month showed 
only minimal pleural thickening or scarring around the perim- 
eter of the air-filled cavity with no evidence of residual fluid. 

In the three other patients, a total of five CT scans were 
performed between 1 and 4 years after surgery. These scans 
showed persistent but narrowed thoracostomy windows at 
the last follow-up examinations at 1, 2, and 4 years, respec- 
tively (Fig. 5). Clinically, each of these patients had a minimal 
amount of chronic drainage. However, no residual or recurrent 
pleural empyema fluid was shown on the CT scans during 
this long-term follow-up period; rather, only minimal localized 
pleural fibrosis was observed. 


Patients After Pheumonectomy 


Postoperative radiographs in all postpneumonectomy pa- 
tients showed complete disappearance of the infected pleural 


fluid seen preoperatively. Unlike the 10 nonpneumonectomy 
cases, the empyema cavity represented the entire postpneu- 
monectomy space. On the anteroposterior chest films of all 
three patients, the chest-wall defect was seen in profile to 
have a smooth, round superior contour and a straight and 
laterally sloping lower margin, similar to that seen in the 
nonpneumonectomy patients with lateral windows. However, 
since the empyema had filled the whole postpneumonectomy 
space, a zone of intermediate radiolucency surrounding the 
Eloesser window (as was seen in nonpneumonectomy cases) 
was never present when the window was imaged en face on 
lateral radiographs. In one patient, an unusual appearance 
was created by the surgical packing that filled virtually the 
entire postpneumonectomy space (Fig. 6). Follow-up radio- 
graphic examinations in this group were limited to 1 month, 
and none showed any recurrence of empyema during this 
period. 


Discussion 


In 1935, Leo Eloesser [3], the surgeon who devised the 
procedure now associated with his name, reported its use as 
an alternative to existing methods of treatment for acute 
tuberculous empyema that were associated with a high mor- 
tality from secondary infection and sepsis. In his original 
description of the operation, he stressed the importance of 
constructing the window with a flap so that it functioned as a 
one-way valve, allowing egress of freely mobile fluid while 
preventing air from entering the pleural space and causing 
lung collapse. 

The subsequent development of antibiotics and antituber- 
culous drugs made the operation obsolete for its originally 
intended purpose. However, variations in the operation can 
be useful in the present-day management of intractable non- 
tuberculous empyema [4-7]. The original operation has been 
modified by substituting a comparatively wide open-window 
thoracostomy for the slit-like one-way valve opening de- 
scribed by Eloesser [2]. The valve mechanism is not neces- 
Sary in cases of chronic pyogenic empyema because the 
visceral and parietal pleura are fused at the margins of the 
empyema. This fusion isolates the empyema cavity from the 
rest of the pleural space, preventing lung collapse despite the 
presence of the large pleurocutaneous communication. 

As illustrated by the present cases, the time at which the 
air-filled pleural cavity is obliterated varies over a substantial 
range. In those patients for whom long-term follow-up was 
available, obliteration occurred in four of five cases within 6 
months. This is similar to the experience of Weissberg [4] 
who observed complete obliteration of the empyema cavity 
in 10 of 12 patients within 6 months of surgery. However, 
unlike Weissberg’s cases, our series did not show a good 
correlation between the size of the empyema cavity and the 
amount of time required for cavity closure. The largest cavity 
closed within 1 month, whereas the smallest required 6 
months. Although none of the postpneumonectomy cases in 





Fig. 6.—53-year-old man 1 day after Eloesser procedure for postpneu- 
monectomy empyema. Entire left chest appears dense because of pres- 
ence of a large amount of gauze packing, simulating a diffuse unilateral 
pneumonia or unilateral pulmonary edema. 


this series had long-term follow-up, the pleural cavity in these 
patients should never be completely obliterated. This is likely 
because no lung is available to fill the void, and much of the 
exudative fluid that normally fills a postpneumonectomy space 
drains through the patent Eloesser window. 

Although the chest-wall window in nonpneumonectomy 
patients should eventually close over by granulation tissue 
after the pleural cavity obliterates, a persistent stoma with 
chronic minimal drainage may remain. A tract persisted in 
three of our patients and in five of eight cases reported by 
Adebo and Osinowa [5]. In our patients this may have resulted 
from secondary colonization of the residual pleural cavity, 
since there were no Clinical signs of local or systemic infection 
and no evidence of residual empyema identified on chest 
radiographs or CT scans. In nearly all cases, the last available 
radiograph or CT scan only showed residual pleural thickening 
or fibrosis, an area in which a tiny focus of undetectable 
superinfection might reside. 

The chest radiograph remains abnormal years after the 
window has closed and the pleural cavity has been oblitera- 
ted. This results from the depression in the chest wall where 
the skin is in close proximity to the pleura, separated only by 
the intervening granulation tissue. The resultant radiolucency 
where the soft tissues are absent may mimic a lung cavity or 
bullae when only one radiographic projection of the chest is 
obtained. However, the elliptical or crescent shape of the 
radiolucency related to the original U-shaped surgical incision 
and the associated segmental rib resections are distinguishing 
features. 

The size of the window may appear to be different on chest 
radiography and CT. This discrepancy arises when a patient 
with a posterior window is scanned while in a supine position. 
In this position, the edges of the flap may be artifactually 
compressed together or spread apart by the patient’s own 
weight and shifting position on the scanning table. Therefore, 
the appearance and size of the window on physical exami- 
nation probably correlate more closely with findings of chest 
radiography than with findings of CT. 

In summary, the postoperative chest radiographic and 
chest CT findings in patients with Eloesser windows are 
characteristic. These include changes due to the limited chest 
wall resection and the presence of iodinated packing. As the 
underlying empyema resolves, the radiographic appearance 
should change in a sequence that is predictable but over a 
period of time that is variable. 
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Case Report 





Balloon Dilatation of the Left Main Bronchus in Sarcoidosis 


Karen T. Brown,' Chin Bor Yeoh,” Souheil Saddekni® 


Congenital and acquired narrowings of the tracheobronchial 
tree are difficult clinical problems that often require compli- 
cated surgical management. Percutaneous balloon dilatation 
has found widespread clinical applications in the vascular, 
gastrointestinal, and genitourinary systems. Its use also has 
been reported in the tracheobronchial tree, and postsurgical 
and postintubation strictures in both adults and neonates 
have been successfully dilated [1-4]. We report a case of 
balloon dilatation of the left main bronchus in an adult with 
sarcoidosis and mediastinal fibrosis. This is the first report to 
our knowledge in which balloon dilatation has been used in 
an adult with disease extrinsic to the bronchus. 


Case Report 


A 35-year-old black woman was in excellent health until 1984 when 
she developed pericarditis. Over the last 3 years she noticed increas- 
ing dyspnea on exertion and had frequent episodes of bilateral 
pneumonia. Conventional tomography in early 1987 showed segmen- 
tal narrowing of the left main bronchus. Her dyspnea on exertion had 
progressed, and she became essentially homebound. She was re- 
ferred to our institution. 

The chest radiograph showed increased interstitial markings and 
cardiomegaly. Echocardiography revealed that the sizes of the left 
and right ventricles were at the upper limits of normal and that 
concentric left ventricular hypertrophy was present. The ECG showed 
Wenckebach heart block to be present. Repeat conventional tomog- 
raphy (Fig. 1A) confirmed the previous findings of narrowing of the 
left main bronchus extending over a 3-cm segment with a luminal 
diameter of 3.5 mm. In addition, a 5-mm polypoid mass was noted 
along the right lateral wall of the distal trachea just proximal to the 
origin of the right main bronchus. A CT scan of the chest performed 
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with and without contrast material showed a diffuse hazy increase in 
the density of the mediastinum, consistent with fibrosing mediastinitis, 
and narrowing of the left main bronchus. None of the major vessels 
within the mediastinum was involved. Room-air arterial blood gases 
showed a pH of 7.42, a partial pressure of carbon dioxide of 37 mm 
Hg, and a partial pressure of oxygen of 69 mm Hg; all other laboratory 
data were normal. The pulmonary function tests showed a combined 
obstructive and restrictive ventilatory pattern. The forced expiratory 
volume in 1 sec was 1.25 | with a forced vital capacity of 2.16 |. On 
the flow-volume loop, the peak expiratory flow rate was 3.14 l/sec, 
and the maximal midexpiratory flow rate was 0.74 l/sec. 

On the seventh hospital day, the patient underwent mediastinos- 
copy and rigid bronchoscopy. Surgical and pathologic findings con- 
firmed the diagnoses of sarcoidosis and fibrosing mediastinitis. At 
that time the narrowed left main bronchus was visualized and, under 
direct vision, a straight Newton B guidewire was advanced into the 
lower lobe division. We chose a soft guidewire to avoid trauma to the 
more distal respiratory tree. The bronchoscope was removed, and 
the patient was intubated. The distal segment of the left main bron- 
chus that appeared most normal was 10 mm in diameter; conse- 
quently, a 10-mm balloon was chosen for the procedure. A 7-French 
angioplasty catheter with a 10-mm high-pressure balloon extending 
over a 4-cm segment (Medi-Tech, Watertown, MA) was then ad- 
vanced alongside the endotracheal tube and positioned under fluo- 
roscopic guidance. 

The narrowed left main bronchus was dilated by using three 
inflations of the balloon; each inflation was maintained by hand for 15 
sec (Figs. 1B and 1C). By the third inflation, no “waist” was visible. 
The balloon catheter then was removed, and bronchoscopy was 
performed again after adequate ventilation. Repeat bronchoscopy 
showed wide patency of the left main bronchus, with a minimal 
amount of blood in the tracheobronchial tree. The polypoid mass that 
had been visualized along the right lateral tracheal wall on initial 
bronchoscopy was no longer present. We believe that this was an 
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Fig. 1.—A, Conventional tomogram shows severely narrowed left main bronchus (solid arrows) and polypoid mass in distal trachea (open arrow) just 


above carina. 


B and C, Radiographs obtained during surgery show balloon dilatation of left main bronchus. Note “waist” at narrowed segment (arrow in B). Balloon 


is fully inflated in C. 


inflammatory polyp that was flattened or otherwise disrupted by the 
balloon. The patient tolerated the procedure well, no complications 
occurred, and she recovered uneventfully. 

Conventional tomography was repeated 2 days after surgery and 
showed the diameter of the left main bronchus to be 8 mm. The 
pulmonary function tests were repeated at the same time and showed 
improvement in the obstructive ventilatory pattern. The forced expir- 
atory flow in 1 sec was 1.6 |, and the forced vital capacity was 
unchanged at 2.16 |. On the flow-volume loop, the peak expiratory 
flow had increased to 4.08 l/sec and the maximal midexpiratory flow 
had increased to 1.61 l/sec. The patient was discharged 3 days after 
surgery and has continued to do well. Conventional tomography 
performed 3.5 months after the dilatation showed no change; the left 
main bronchus was still 8 mm in diameter. The patient currently walks 
several miles with no shortness of breath. 


Discussion 


Fixed narrowings of the tracheobronchial tree may occur 
after prolonged mechanical ventilation or as a complication of 
sleeve resection for bronchial lesions. The most common 
cause of fixed airway narrowing is neoplastic disease, which 
may be either intrinsic or extrinsic. Idiopathic mediastinal 
fibrosis may result in compromise of the airway, as was the 
case in our patient. These narrowed segments also may be 
seen de novo on a congenital basis or as a result of intrinsic 
disease (€.g., submucosal infiltrative processes, bronchial 
neoplasms, relapsing polychondritis, and tracheobronchopa- 
thia osteochondroplastica). Present surgical techniques for 
the treatment of these conditions include surgical resection, 
photoresection, and cryotherapy. Balloon dilatation has been 
reported as a treatment in infants with congenital and acquired 
bronchial stenoses [1-3] and in an adult [4] with an anasto- 


motic stricture after a sleeve resection for an endobronchial 
carcinoma. 

The nature of disease extrinsic to the airways suggests 
that such lesions may not respond to intraluminal balloon 
dilatation alone and may require surgical therapy or an ex- 
pandable stent [5] after balloon dilatation. Unfortunately, 
these stents are not yet available for clinical use. Given the 
complexity of surgical treatment and the relative ease with 
which peroral balloon dilatation can be performed, we chose 
to attempt balloon dilatation as the primary treatment in this 
case. The advantages of this method of treatment include the 
ease with which it can be performed and the fact that it can 
be repeated, should the lesion recur, possibly without bron- 
choscopy. No significant morbidity has been associated with 
the few cases reported thus far. Although the length of follow- 
up in all cases reported is limited, the preliminary results are 
encouraging. Ultimately, bronchial balloon dilatation could be 
performed on an outpatient basis. 
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Case Report 





Air Embolism Complicating Percutaneous Lung Biopsy 


Thomas L. Tolly,' John E. Feldmeier, and David Czarnecki 


Thin-needle biopsy is a common diagnostic procedure in 
diseases of the chest. Inherent risks of the procedure most 
commonly include pneumothorax and hemorrhage. Air em- 
bolism is a rare and often disastrous complication with the 
diagnosis frequently presumptive and most often based on 
the patient's rapid neurologic deterioration [1]. We report a 
CT-documented case of air embolism complicating biopsy of 
a lung lesion. 


Case Report 


A 32-year-old man had his right arm amputated to treat synovial 
sarcoma; subsequently he had a resection for bilateral pulmonary 
metastases. When a mass was discovered in the right lower lobe, 


Fig. 1.—A, Initial CT scan with pa- 
tient in prone position shows needle 
adjacent to mass (arrow) and no air in 
left atrium. 

B, Subsequent CT scan with needle 
in position (arrow) shows air-fluid level 
in left atrium indicating air embolism. 


A 
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the patient underwent a CT-guided, thin-needle aspiration biopsy of 
the lesion. 

With the patient lying in the prone position, the lesion was located 
by CT imaging. A 22-gauge spinal needle was inserted approximately 
4-5 cm into the lung parenchyma with the patient in end-inspiration. 
CT imaging showed the needle to be directed medially (Fig. 1A), but 
it was subsequently repositioned. Immediately after CT imaging was 
performed to verify the new position of the needle, the patient 
coughed, became agitated, and obtunded. The biopsy needle was 
removed, and the patient was turned supine. At this time he was 
diaphoretic and had a pulse of 40 and a nonobtainable blood pressure. 
Supportive measures were instituted. The patient remained obtunded 
for 1-2 min with his pupils dilated and his eyes deviated to the left. 
After elevating the patient's feet, his heart rate increased to 70 and 
his blood pressure returned to normal. The patient became alert, but 
he was aphasic with a persistent leftward gaze and right leg hemiple- 
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gia. Fundoscopic examination was unremarkable. Within 15 min after 
the onset of symptoms, the patient's neurologic status had returned 
to normal. Chest radiographs showed no pneumothorax, and a head 
CT scan showed no air embolism. The patient remained well and 
subsequently had a right thoracotomy for excision of a pathologically 
proved metastatic sarcoma. 

In retrospect, the CT image obtained immediately after needle 
repositioning showed an air-fluid level in the left atrium that was not 
present on the original CT images (Fig. 1B). 


Discussion 


Percutaneous thin-needle biopsy of the lung is a widely 
accepted diagnostic procedure [2]. Pneumothorax is the most 
frequent complication occurring in 27%, followed by local 
bleeding occurring in 11% and hemoptysis in 7% [1]. Fortu- 
nately, more serious sequelae such as air embolism are 
rare. Sinner [1] reported two suspected cases of air embolism 
in 2726 needle biopsies of the chest. The diagnosis of air 
embolism is largely dependent on clinical manifestations of 
rapid deterioration of neurologic status and/or cardiac arrhyth- 
mias. Westcott [3] reported a case of cerebral artery air 
embolism that was radiographically documented with post- 
mortem skull radiographs after percutaneous lung biopsy. 

The mechanism of air embolism may be a communication 
between a bronchus or cannula and a pulmonary vein. Factors 
that increase the risk of this complication include sudden 
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elevation of airway pressure due to a cough, the Valsalva 
maneuver or positive pressure ventilation, use of larger-bore 
needles, or delay in attaching the syringe to the needle after 
removing the obturator [4]. 

The immediate treatment includes administration of 100% 
oxygen, placing the patient in the left lateral decubitus position 
with the head dependent, and routine supportive measures 
[5]. When the complication is suspected, hyperbaric oxygen 
therapy should be considered. This treatment reportedly re- 
duces the size of air bubbles, helping to restore circulation 
and oxygenation [6]. 
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MR Diagnosis of Pancreatic 
Transplant Rejection 





To determine the role of MR imaging in the assessment of pancreatic transplant 
rejection, we prospectively obtained 13 MR scans in nine transplant patients. The 
presence of rejection was verified pathologically by pancreatic transplant biopsies in 
five patients. In two additional patients, rejection was proved by concordant renal 
transplant biopsy as well as by compatible clinical and laboratory data. In the remaining 
two patients, in whom no biopsy was done, clinical and laboratory data showed no 
evidence of rejection. The mean T2 of the seven pancreata undergoing rejection was 
significantly elevated (86 msec) compared with the mean T2 of the two transplants not 
undergoing rejection (59 msec) (p < .002). 

These preliminary results suggest that MR may be useful in the noninvasive diagnosis 
of pancreatic rejection. 


Pancreatic transplantation is used in the treatment of diabetes mellitus in an 
effort to establish normal glucose metabolism and to prevent or retard the progres- 
sion of neurovascular complications associated with the disease [1-5]. As the 
number of pancreatic transplantations increases, there is a correspondingly greater 
need to develop an accurate means of detecting rejection noninvasively. We studied 
the use of MR imaging for this purpose. 


Materials and Methods 


Over an 18-month period we performed 13 MR examinations in nine patients who had 
undergone pancreatic transplantation. Six examinations were performed during the initial 
hospitalization, an average of 3 weeks (range, 1-6.5 weeks) after transplantation. Five 
examinations were performed at the time of a routine follow-up visit, an average of 30 weeks 
(range, 18-44 weeks) after transplantation. Two MR scans were performed during readmis- 
sion for suspected rejection, 8 and 46 weeks after transplantation. 

The surgical technique used for the transplantation was the intraperitoneal placement of a 
whole-organ allograft with anastomosis of vessels to the iliac vessels. The pancreatic duct 
was drained via a periampullary patch of donor duodenum anastomosed to the recipient 
urinary bladder. All but one patient had had a renal transplant at the time of pancreatic 
transplantation. In three patients, an irradiated spleen was transplanted en bloc with the 
pancreas. 

Spin-echo MR studies were performed on a Diasonics MTS system operating at 0.35 T. 
The minimum study consisted of contiguous, 1-cm-thick, axial, spin-echo images through the 
pelvis, with relatively T1-weighted (repetition time [TR] = 0.5 sec, echo time [TE] = 30 msec) 
and T2-weighted (TR = 2 sec, TE = 30, 60 msec or TR = 2 sec, TE = 50, 100, 150 msec) 
sequences. These images were occasionally supplemented with coronal scans. No respiratory 
or ECG gating was employed. 

The transplanted pancreas was localized by correlating surgical records and CT examina- 
tions with the MR images. MR intensity measurements of the transplant were made by using 
an electronic cursor to define regions of interest. The region of interest was drawn within the 
body and tail of the pancreatic transplant to ensure that the transplanted duodenal segment 
was not included, and to avoid volume averaging with the bladder. The mean T2 was 
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calculated by using intensity data collected from three separate 
regions of interest. The direct calculation of T1 was not possible 
because our imaging sequences used different echo times. 

In five patients, pancreatic tissue was available for pathologic 
documentation of the presence of rejection. Mononuclear cell infiltra- 
tion of vessel walls (vasculitis) was regarded as evidence of acute 
rejection [6]. Rejection was graded as mild, moderate, or severe 
depending on the intensity of the vasculitis and the associated 
mononuclear cell infiltrate in the pancreatic acini. In the remaining 
four patients, a variety of parameters, including the status of syn- 
chronous renal transplant, urinary amylase, serum glucose, and sub- 
sequent clinical course, were used to determine the presence of 
rejection. When several MR examinations were performed, the status 
of the pancreas was established by using all available clinical data for 
each separate examination. The status of the pancreas was assigned 
to one of three categories: (1) nonrejecting, (2) rejecting, and (3) 
indeterminate. The mean T2 values of rejecting and nonrejecting 
glands were compared by using the unpaired Student t test. 


Results 


The nine patients were divided into three groups: (1) those 
in whom there was biopsy proof of transplant rejection, (2) 
those in whom there was Clinical and laboratory evidence of 
rejection, and (3) those in whom there was no evidence of 
rejection. 

In five patients, pancreatic rejection was confirmed by 
histologic evaluation after open surgical biopsy. In four of the 
five cases, the T2 values were equal to or greater than 70 
msec at the time of rejection. Two of these patients had 
several MR examinations. In one patient with mild rejection 
proved by pancreatic biopsy, the initial T2 value 2 weeks after 
transplantation was 72 msec, but this value had increased to 
90 msec by 6 weeks after transplantation (Fig. 1). In the other 
patient, T2 was 57 msec initially and laboratory data sup- 
ported a nonrejecting status. However, 7 days later there was 
an episode of histologically proved rejection. Because the 
rejection episode occurred so soon after the MR examination, 
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the initial transplant status was placed in the indeterminate 
category. 

Two patients were thought to be undergoing rejection on 
the basis of clinical data. In both, rejection was proved be- 
cause renal transplant biopsy indicated renal rejection, and 
laboratory and clinical data supported the diagnosis. At the 
time of rejection of the pancreatic transplant, T2 values in 
these patients were 110 and 75 msec, respectively. In both 
patients, the rejection episode was successfully treated. 
Scans obtained after serum glucose and renal function had 
returned to normal showed pancreatic transplant T2 values 
of 60 and 54 msec, respectively (Fig. 2). 

Two patients with normal fasting blood-sugar levels and 
stable renal function were not thought to be undergoing 
rejection. Pancreatic transplant T2 times were 56 and 67 
msec, respectively. 

The mean T2 value of pancreatic transplants undergoing 
rejection was 86 msec (n = 8, SD = 15 msec), compared 
with a mean value of 59 msec (n = 4, SD = 6 msec) for 
nonrejected glands. This difference is statistically significant 
(p < .002) (Fig. 3). 


Discussion 


Unlike renal transplants, for which Doppler sonography can 
provide some information about rejection status [7] and for 
which biopsy is relatively straightforward, there is no reliable, 
noninvasive means of detecting pancreatic rejection. The 
presence of hyperglycemia is nonspecific, and islet cell de- 
struction is often extensive and irreversible by the time the 
serum glucose rises [8]. Pancreatic rejection can be inferred 
by the diagnosis of synchronous renal rejection in cases of 
simultaneous renal/pancreatic transplantation [2, 3, 9]. Al- 
though this relation is valuable, it is not always the case since 
the renal transplant is more susceptible to rejection. However, 
in such patients, no isolated cases of pancreatic rejection 
have been documented [9]. 


Fig. 1.—Increase in T2 with progres- 
sion of rejection in 34-year-old woman. 

A, Initial MR scan obtained during 
episode of biopsy-proved rejection. Ax- 
ial T2-weighted MR image (SE 2000/ 
150 msec) of transplanted pancreas 
(arrows). T2 was calculated to be 72 
msec. 

B, Follow-up MR scan (SE 2000/150 
msec) 6 weeks later, when clinical pa- 
rameters strongly suggested worsen- 
ing of rejection, showed an increase in 
T2 to 90 msec and increased signal 
intensity of the transplant (arrows). 
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Fig. 2.—Decrease in T2 with resolu- 
tion of rejection in 30-year-old man. 

A, Moderately T2-weighted MR scan 
was obtained during episode of clini- 
cally diagnosed rejection (SE 2000/50 
msec). T2 of transplant (arrows) was 
110 msec. 

B, Follow-up MR scan (SE 2000/60) 
23 weeks later, after resolution of clin- 
ical signs of rejection, shows a de- 
crease in transplant T2 to 60 msec, 
interval diminution in size, and de- 
creased signal intensity compared with 
A. Renal transplant is present in right 
iliac fossa. 


REJECTING 


INDETERMINATE 


NON-REJECTING AA 


T2 (msec) 


Fig. 3.—Histogram of T2 times of pancreatic transplants. 


A sensitive and specific noninvasive measure of pancreatic 
rejection is needed because pancreatic biopsy requires gen- 
eral anesthesia and open laparotomy. Percutaneous fine- 
needle biopsy cannot determine whether rejection is occur- 
ring, and large-gauge core biopsy needles cannot be used 
because of the proximity of the transplant to the splenic artery 
and vein and because of possible pseudocyst formation. 

In vivo measurement of T1 and T2 is difficult, and deter- 
minations made under different circumstances (e.g., with 
different pulse sequences or field strengths) or on different 
equipment are likely to show substantial discrepancies [10]. 
Nonetheless, when a single imaging device is used, reason- 
able reproducibility can be achieved [11, 12]. The position of 
the transplanted pancreas in the pelvis minimizes respiratory 
motion that otherwise would severely degrade relaxation-time 
measurements. Experiments performed on our scanner with 
a phantom have confirmed that a reproducible measurement 
of T2 can be made in the range of 20-100 msec by using the 
pulse sequences employed in the current studies [13]. 
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T2 prolongation has not proved to be reliable in assessing 
renal transplant rejection [14]. The T2 value, calculated at 
0.35 T, for the normal pancreas (48 + 11.6 msec) is, however, 
significantly shorter than the T2 of renal cortex (75.9 + 26.6 
msec) and medulla (81.4 + 24.5 msec) [15]. Thus MR as- 
sessment of rejection may be more sensitive in the pancreas 
than it is in the kidney. This is supported by the demonstration 
that T2 lengthening is a valid indicator of cardiac rejection in 
the heart [16], which has a normal T2 (43.9 msec) roughly 
equivalent to that of normal pancreas [17]. 

A consideration in the evaluation of the rejecting pancreas 
is the differentiation between acute and chronic rejection. As 
seen in all of the rejecting glands in our study, acute rejection 
is histologically characterized by mononuclear cell infiltration 
of blood vessel walls. The vasculitis is typically associated 
with a mononuclear cell infiltrate in surrounding acini and 
interstitial edema. This edema may have resulted in the ob- 
served elevation of T2 with pancreatic rejection. Chronic 
rejection can manifest as fibrosis and atrophy of the trans- 
planted pancreas, which would not be expected to elevate 
the T2. This may, however, result in a decrease in gland size, 
which is an additional variable that could be followed with MR 
imaging. 

A limitation of this study was the inability to control the time 
interval between transplantation and the MR examinations. 
All but one of the MR scans were performed within 6.5 weeks 
of transplantation. Although it is uncertain whether postop- 
erative changes in the transplant (Such as pancreatitis) can 
simulate rejection, significant elevation of T2 values of the 
gland in one patient during pathologically documented rejec- 
tion suggests that rejection independent of postoperative 
edema can result in elevated T2 values. This limitation can be 
overcome by serial studies of the transplanted pancreas. 

Although further investigation is required, our preliminary 
results suggest that MR may be important in the evaluation 
of pancreatic transplant rejection. The mean T2 value of the 
rejecting glands (86 msec) was significantly higher than the 
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mean T2 of the nonrejecting glands (59 msec). No rejecting 
pancreas had a T2 of less than 70 msec, and no normal 
transplant had a T2 of more than 70 msec. 
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Dual-Contrast MR Imaging of Liver 
Cancer in Rats 





MR contrast agents increase hepatic tumor conspicuity, as measured in terms of 
contrast-to-noise (C/N) ratios. With an animal model of hepatic metastases from breast 
cancer, IV administration of Gd-DTPA (0.2 mmol/kg) shows a biphasic time response, 
transiently increasing the signal intensity of liver relative to tumor, with C/N ratio 
magnitudes increasing from —5.7 to — 16.3 (SE 250/20); after a delay, the signal intensity 
of tumor increases relative to liver with a reversal of the C/N sign from negative to 
positive and an increase in the C/N magnitude to +25.0. IV administration of ferrite 
particles (0.05 mmol Fe/kg) shows a monophasic time response, increasing signal 
intensity of tumor relative to liver from +1.5 to +49.5 (SE 500/30). When both contrast 
agents were administered together (dual-contrast technique), the tumor-liver C/N mag- 
nitude reached a maximum of +67.8 (SE 500/30) 12 min after drug infusion. Analysis of 
individual contrast and noise factors contributing to this technique revealed a strong 
correlation between the signal intensity of liver and the signal intensity of ghost artifacts, 
which increase after administration of Gd-DTPA (r = .89) and decrease after administra- 
tion of ferrite (r = 1.0). 

Dual-contrast imaging shows a synergistic addition of contrast and suppression of 
noise from ghost artifacts, maximizing the C/N and increasing the conspicuity of focal 
liver lesions. 


Abdominal MR imaging is becoming an important diagnostic tool in the detection 
[1-3] and differential diagnosis [4-7] of focal liver lesions. MR contrast agents 
have been used to increase tumor-liver contrast and enhance lesion conspicuity 
[8-11]. Chelated transition cations are paramagnetic, predominantly shorten T1 
relaxation times of perfused tissue [12, 13], and are best imaged with T1-weighted 
pulse sequences [14]. Unfortunately, gadolinium-DTPA (Gd-DTPA) nonspecifically 
enhances the signal intensity of both liver and tumor in a time-dependent fashion 
and may obscure liver metastases, as commonly used iodinated contrast agents 
do [8, 12]. 

Ferrite particles are superparamagnetic and predominantly shorten T2 relaxation 
times [15, 16]. Therefore, T2-weighted pulse sequences with longer TRs and TEs 
(T2-weighted) are best suited to ferrite-enhanced MR [16]. Ferrite particles are 
cleared from the blood by macrophages of the reticuloendothelial system (RES). 
RES-containing tissues such as liver, spleen, and bone marrow show a profound 
signal loss after administration of ferrite, whereas tumor signal intensity is not 
affected. 

We sought to determine whether the complementary pharmacologic and mag- 
netic properties of these two contrast agents would be synergistic to enhance 
detection of focal liver lesions. 


Materials and Methods 
Animal Model 


A rat model of liver cancer resembling human breast cancer metastatic to the liver was 
used in this investigation [17]. Rat mammary adenocarcinoma (R 3230 AC, EG&G Mason 
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Research Institute, Worcester, MA) was subcutaneously implanted 
into two female Fischer 344 rats. At 2 weeks, a 2- by 3-cm tumor 
was minced into fragments (approximately 1 mm). These fragments 
were implanted in the liver by trocar inoculation into 19 200- to 250- 
g Fischer rats at laparatomy. Three animals died and were excluded 
from the study. The hepatic puncture site was sutured with 6-0 
catgut and sealed with collagen hemostat (Avitene, Alcon, Inc., Hu- 
macao, PR) to minimize bleeding. The abdominal wall was closed 
with 2-0 silk sutures in two continuous layers. Two weeks after 
implantation, 1.0-cm intrahepatic solid tumor nodules were found 
[17]. 


MR Imaging 


MR imaging was performed by using a 0.6-T (25.1-MHz) Techni- 
care imager. Images were acquired in the transverse plane, slice 
thickness was 4 mm, and nine contiguous slices were obtained 
simultaneously. The field of view was set at 21 cm, and the 192 x 
256 image matrix yielded an inplane spatial resolution of 1.1 x 0.8 
mm. Strongly T1-weighted images were obtained by using an SE 
250/20 (spin echo TR/TE) sequence. Images with mixed T1 and T2 
contrast dependencies were obtained by using an SE 500/30 se- 
quence. T2-weighted images were acquired with SE 1500/60. Aver- 
aging two acquisitions and obtaining 192 phase-encoding steps, the 
scanning time was 1.6 min for the SE 250/20 pulse sequence, 3.2 
min for the SE 500/30, and 9.6 min for the SE 1500/60. 


Contrast Agents 


Anesthetsized animals were restrained with adhesive tape. Before 
the imaging procedure was started, a heparin-flushed IV line was 
placed in the tail vein. Gd-DTPA (Berlex, Cedar Knolls, NJ) and 
polymer-coated ferrite particles with an average size of 100 nm 
(Advanced Magnetics Inc., Cambridge, MA) were injected via the tail 
vein without removing the animal from the imager. All 16 animals 
were imaged with T1- and T2-weighted pulse sequences before 
administration of contrast agents. Gd-DTPA was administered to 
seven animals at a concentration of 0.2 mmol/kg and ferrite was 
administered to nine other animals at a concentration of 0.05 mmol 
Fe/kg. In five of seven animals receiving Gd-DTPA and six of nine 
animals receiving ferrite, serial SE 250/20 imaging was performed for 
up to 20 min after drug administration. At 12-20 min after drug 
administration, SE 500/30 and SE 1500/60 images were obtained. 

The dual-contrast technique of simultaneous administration of Gd- 
DTPA and ferrite was achieved by first administering Gd-DTPA. 
Ferrite (0.05 mmol Fe/kg) was injected into the seven animals 15 min 
after administration of Gd-DTPA, and additional images (SE 250/20, 
SE 500/30, and SE 1500/60) were obtained (Gd-Fe dual-contrast 
technique). Alternatively, Gd-DTPA (0.2 mmol/kg) was injected into 
the four animals 12 min after administration of ferrite, and additional 
images (SE 250/20, SE 500/30, and SE 1500/60) were obtained (Fe- 
Gd dual-contrast technique). 

To determine whether magnetic field strength would significantly 
alter the effects of Gd-DTPA and ferrite, we scanned three additional 
animals with the Fe-Gd dual-contrast technique at 1.4 T (Technicare 
prototype, 8-cm bore) [8]. Pulse-sequence timing parameters were 
identical to those used at 0.6 T. 


Image Analysis 


Operator-defined regions of interest (ROIs) were used to measure 
the signal intensity (SI) of liver, tumor, muscle, and fat. Total back- 
ground image noise (N,..) was measured by using an ROI that was 
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displaced ventral to the animal in the phase-encoding direction [1]. 
Statistical noise (Nsta) was Measured with an ROI that was placed 
lateral to the animal, avoiding ghost artifacts [18]. Both measure- 
ments of image noise were recorded as the standard deviation of 
pixel signal intensities. Systematic noise (Nsys) was mathematically 
derived from measured values of Nio and Nsa by Quadrature sub- 
traction [1]: 


Neve = Nio)? = (Netat)“ °° (1) 


Contrast between the tumor and liver, expressed as the C/N ratio, 
was Calculated as the tumor-liver signal difference normalized to the 
standard deviation of background noise [1]: 


C/N ratio = (Shumor = Sliver/Ntot (2) 


The C/N ratio is an effective parameter for quantitating MR pulse 
sequence performance, as the absolute magnitude of C/N, desig- 
nated as |+C/N ratio|, correlates with lesion detectability [19]. It 
follows from equation 2 that negative C/N values indicate relatively 
hypointense (dark) pathology and positive C/N values indicate rela- 
tively hyperintense (bright) pathology. Values near zero denote isoin- 
tensity and poor lesion conspicuity. 

For comparison of different pulse sequences and contrast-en- 
hancement techniques, measured C/N ratios were normalized to 
reflect a standard scanning time of 3.2 min, except for the 1.6-min 
fast scans obtained in five animals immediately after injection of Gd- 
DTPA [9]. Timing normalization was performed to objectively com- 
pare C/N values, which have a well-known relationship to the number 
of acquisitions averaged, and scanning times. Fast scans by definition 
could not be extended to 3.2 min under any circumstance, and 
therefore time normalization was not appropriate for this subset of 
data. Normalization of scans obtained by using conventional tech- 
niques was performed with the formula [18]: 


C/N ratios.2 min = C/N ratiOneasures X (3.2 min/scanning time)? (3) 


Results 
Precontrast Images 


Native (non-contrast-enhanced) tissue characteristics of 
our animal model were evaluated with pulse sequences in 
routine clinical use. The SE 250/20 pulse sequence showed 
the tumor as hypointense relative to liver with a mean C/N 
value of —5.7 + 8.3 (Table 1). With the SE 500/30 pulse 
sequence the tumor appeared isointense relative to liver, and 
the average C/N ratio was +1.5 + 2.3. The SE 1500/60 pulse 
sequence showed the tumor hyperintense relative to liver, 
reaching a C/N ratio of +6.2 + 3.2. Similar C/N values have 
been reported for human adenocarcinoma metastatic to the 
liver [1], providing validation of this model for subsequent 
experiments. 

Precontrast noise levels were recorded to allow determi- 
nation of the influence of contrast-agent-induced changes in 
tissue signal intensity on statistical (Nsta) and systematic (Nsys) 
image noise. Statistical noise was similar with the T1- 
weighted (20.0 + 2.1), T2-weighted (19.2 + 4.3), and SE 500/ 
30 (18.4 + 3.2) pulse sequences (Table 2). Systematic noise 
was lowest on T1-weighted images (28.6 + 6.9) and highest 
on T2-weighted images (52.6 + 7.3). These animal data are 
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TABLE 1: Contrast-to-Noise Ratios for Pulse Sequences and 
Contrast Agents Used in Studying Rats with Liver Cancer 





Contrast-to-Noise Ratio 
Contrast Agent 


SE 250/20 SE 500/30 SE 1500/60 
Precontrast =57 £ 83 7415+ 23 +62+ 3.2 
Gd-DTPA: 
Fast scan —16.3 + 11.9 ~ — 
Delayed scan +25.0 + 9.7 +18.0+ 4.1 -- 
Ferrite +35.8 + 5.9 +495+ 6.8 +39.9 + 3.5 


Gd-DTPA + Ferrite +54.9 + 17.7 +67.8 + 14.8 +41.6 + 14.6 





Note.—All values are time-normalized for a 3.2-min standard scanning time, 
except for the fast scans immediately after administration of Gd-DTPA. Aver- 
aging two acquisitions, Gd-DTPA fast scans were obtained within the first 2 
min (SE 250/20/2, scanning time = 1.6 min) and as delayed scans (SE 250/ 
20/2, scanning time = 1.6 min; SE 500/30/2, scanning time = 3.2 min) 10-15 
min after administration of Gd-DTPA. 


consistent with the previous clinical experience that T2- 
weighted images are most sensitive to motion-artifact deg- 
radation [18]. 


Gd-DTPA 


Sequential scanning was performed with the SE 250/20 
pulse sequence averaging two acquisitions (Scanning time, 
1.6 min). Two minutes after administration of Gd-DTPA, the 
signal intensity of liver increased 73% while the signal intensity 
of tumor was unchanged. As a result, the liver became 
hyperintense relative to tumor, increasing the C/N ratio from 
—5.7 + 8.3 to —16.3 + 11.9 (Table 1). Delayed scans obtained 
at 3 and 5 min after injection showed the tumor to be 
isointense relative to liver (Fig. 1). Later, 7-20 min after 
injection, the signal intensity of tumor increased over the 
signal intensity of liver, resulting in a maximum C/N ratio of 
+25.0 + 9.7. The time-dependent behavior of the C/N ratio 
is caused by the complex pharmacokinetics and biodistribu- 
tion of Gd-DTPA described previously [8]. Two time points 
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Ferrite 


C/N 





2 5 8 11 14 17 20 
TIME [MIN] 


Fig. 1.—Tumor-liver contrast after administration of MR contrast agents. 
Serial imaging (SE 250/20/2, 1.6-min scanning time) of liver tumors after 
administration of Gd-DTPA (n = 5) and ferrite (n = 6). After administration 
of Gd-DTPA there is an early peak of negative contrast-to-noise ratio (C/ 
N) followed by reversal in tumor-liver C/N. After administration of ferrite 
there is a constant increase in C/N. 


exist for Gd-DTPA-enhanced detection of hepatic lesions: (1) 
immediately after administration of Gd-DTPA (tumor hypoin- 
tense relative to liver, -C/N ratio maximized) and (2) after 7- 
10 min (tumor hyperintense relative to liver, +C/N ratio max- 
imized). Scanning between these time points may obscure 
lesion detectability, because the tumor may appear isointense 
relative to liver. 

Image noise increased after the administration of Gd-DTPA. 
This increase was from an increase in Nsys from 28.6 + 6.9 
to 57.0 + 14.6; Nsa did not change (Table 2). N.,. was directly 
proportional to liver signal intensity (r = .85) and showed a 
parallel time dependence (Fig. 2). For example, 15 min after 
administration of Gd-DTPA, liver signal intensity was in- 
creased 36% relative to that in control animals and Nsys was 
increased by 20%. Despite the increase in image noise, the 
increases in liver signal intensity and tumor-liver contrast were 


TABLE 2: Noise Measurements for Various Pulse Sequences and Contrast Agents Used in 


Studying Rats with Liver Cancer 





Contrast Agent: Pulse Sequence 


Noise Measurement 


Niot Nstat Neys 

Precontrast: 

SE 250/20 34.9+ 6.9 20.0 + 2.1 28.6+ 6.9 

SE 500/30 43.8+ 6.3 18.4+ 3.2 39.7+ 5.4 

SE 1500/60 56.0+ 8.8 19.2+4.3 §2.6+ 7.3 
Gd-DTPA: 

SE 250/20, early scan 61.0 + 14.4 218218 57:04 14.6 

SE 250/20, delayed scan 40.0+ 6.6 20.4 + 2.3 34.4+ 6.3 
Ferrite: 

SE 500/30 206+ 2.4 19.8+1.9 564 19 





Note.—Averaging two acquisitions, the scanning time was 1.6 min for the SE 250/20/2, 3.2 min for the SE 500/ 
30/2, and 9.6 min for the SE 1500/60/2 pulse sequences. Statistical image noise (Nsta), due to microscopic (brownian) 
motion, is similar with a variety of pulse sequences and contrast agents. Systematic noise (Nsys) increases with 
increasing TR and TE and after administration of Gd-DTPA, and decreases after administration of ferrite. Total image 


noise (Nor) consists of statistical and systematic noise. 
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Fig. 2.—Effect of Gd-DTPA on image noise. Gd-DTPA produces an 
increase in liver signal intensity and systematic image noise (N sys). 
Statistical noise (N stat) does not change significantly. 


greater; therefore, the C/N ratio increased after administration 
of Gd-DTPA. 


Ferrite 


Sequential scanning with the T1-weighted SE 250/20 pulse 
sequence showed that ferrite decreased hepatic signal inten- 
sity within 2 min, with little variation thereafter (Fig. 3). Tumor 
signal intensity did not change after administration of ferrite, 
and the maximum tumor-liver C/N ratio (+35.8 + 5.9) was 
achieved 12 min after infusion of ferrite (Fig. 1, Table 1). 

Image noise decreased after administration of ferrite. This 
decrease was due to a decrease in Nsys from 28.6 + 6.9 to 
5.8 + 1.9; Nsa did not change (Table 2). Nsys was directly 
proportional to liver signal intensity (r = 1.0) and showed a 
parallel time dependence (Fig. 3). For example, 12 min after 
administration of ferrite, liver signal intensity decreased 91% 
and N.y, decreased 80%. 

To determine the influence of pulse-sequence timing param- 
eters on ferrite-enhanced tumor-liver C/N, we performed ad- 
ditional imaging studies within 60 min of drug administration. 
For equal scanning time, the SE 500/30 sequence permitted 
fewer acquisitions for averaging, and therefore N.,, was 
greater than for the SE 250/20 sequence (Table 2). However, 
tumor-liver contrast increased and, as a result, the C/N ratio 
was increased for the SE 500/30 sequence (Table 1). Further 
increases in TR and TE increased contrast; however, the gain 
was Offset by increased ghost artifacts, resulting in a net 
decrease of C/N for the SE 1500/60 sequence. 


Dual-Contrast Technique 


Administration of ferrite particles 15 min after Gd-DTPA 
injection (Gd-Fe technique) resulted in a rapid and profound 
signal loss of liver signal intensity surrounding the tumor. With 
the SE 250/20 sequence, the tumor-liver C/N ratio further 
increased from +25.0 + 9.7, the maximum value after admin- 
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Fig. 3.—Effect of ferrite on image noise. Administration of ferrite de- 
creases liver signal intensity and systematic noise (N sys). Statistical noise 
(N stat) does not change significantly. 
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Fig. 4.—Gd-Fe dual-contrast technique (SE 250/20/2). Administration 
of ferrite after administration of Gd-DTPA causes a profound signal loss 
from hepatic tissue despite the presence of Gd-DTPA. Tumor signal inten- 
sity is increased by Gd-DTPA and unaffected by ferrite. As a result, tumor- 
liver contrast-to-noise ratio (C/N) increases to greater C/N values than 
with either contrast agent used alone. 


istration of Gd-DTPA alone, to +54.9 + 17.7 (Figs. 4 and 5). 
Administration of Gd-DTPA 12 min after ferrite injection (Fe- 
Gd technique) also resulted in an increase of the tumor-liver 
C/N ratio from +35.8 + 5.9, the maximum value after admin- 
istration of ferrite alone, to +53.4 + 16.8 (SE 250/20) (Figs. 
6 and 7). The difference between the maximum values of the 
C/N ratios for the Gd-Fe and Fe-Gd techniques was not 
Statistically significant. 

To determine the influence of pulse-sequence timing param- 
eters on the magnitude of tumor-liver C/N, we performed 
additional imaging studies (Table 1). The SE 500/30 sequence 
(C/N ratio = +67.8 + 14.8) outperformed both the SE 250/ 
20 (C/N ratio = +54.9 + 17.7) and the SE 1500/60 (C/N ratio 
= +41.6 + 14.6) sequences for dual-contrast MR imaging. 
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A 


Fig. 5.—Gd-Fe dual-contrast technique (SE 250/20/2). 
A, Precontrast image. Arrow shows tumor. 
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B, immediately after injection of Gd-DTPA, liver signal intensity increases, whereas that of tumor (arrow) is unaffected. 


C, Delayed image shows hyperintense tumor (arrow). 


D, After ferrite is administered, there is profound signal loss from hepatic tissue despite presence of gadolinium in liver. Tumor-liver contrast-to-noise 
ratio increases maximally, resulting in tumor signal (arrow) that is very hyperintense in contrast to surrounding hypointense liver. 


C/N 
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Fig. 6.—Fe-Gd dual-contrast technique (SE 250/20/2). Ferrite enhances 
tumor-liver contrast-to-noise ratio (C/N) by depleting signal from only 
normal hepatic tissue. If gadolinium is then administered also, tumor-liver 
C/N is further enhanced owing to increase in signal intensity of tumor. 


The C/N ratio was lower on the SE 250/20 sequence owing 
to loss of T2-dependent contrast. The SE 1500/60 sequence 
was more sensitive to noise from ghost artifacts, resulting in 
a net decrease of C/N. The three additional animals imaged 
with the dual-contrast technique at a field strength of 1.4 T 
showed enhancement patterns and mean C/N values that 
were similar to those observed at 0.6 T (Fig. 7). 


Discussion 


Native T1 and T2 contrast between tumor and liver limits 
the image C/N ratio achievable by pulse-sequence manipula- 
tion, and therefore some lesions may not be detected by MR 
imaging [20]. Contrast agents alter the relaxation times of 
liver and/or tumor and potentially increase image C/N, in- 
creasing lesion conspicuity and diagnostic accuracy. Unfor- 


tunately, existing contrast agents place constraints on imag- 
ing time and pulse sequence selection, and they may even 
adversely affect achievable C/N ratios [8]. 

Gd-DTPA is rapidly distributed to liver tissue and is initially 
excluded by some (hypovascular) tumors, thereby increasing 
tumor-liver C/N ratios. Unfortunately, this biodistribution is 
time-dependent and reverses within 5 min owing to washout 
of Gd-DTPA from normal liver and retention in tumor. Hyper- 
vascular tumors can enhance to the same degree as or more 
than normal liver and be obscured during the initial phase. 
Therefore, T1-decreasing perfusion agents require rapid scan- 
ning and achieve variable results. Our data indicate that gains 
in signal intensity and contrast are partially offset by increased 
noise artifacts. 

Ferrite is an RES-specific intracellular superparamagnetic 
contrast agent with a biodistribution similar to that of sulfur 
colloid used in scintigraphy and ethiocol oil emulsion (EOQE- 
13) experimentally used in CT [21]. Particles are selectively 
phagocytosed by hepatic Kupffer cells, decreasing signal 
intensity of normal liver but not tumor. After administration of 
ferrite, pharmacokinetics are monotonic and stable. Widely 
available mildly “T1-weighted” pulse sequences such as SE 
500/30 have sufficient T2 contrast dependence to create a 
T2-weighted ferrite-enhanced image, and can be signal aver- 
aged, resulting in high contrast and low image noise. The 
C/N ratio is further increased by eliminating the source of a 
significant fraction of Nsys (ghost noise), namely, the liver itself. 

Liver imaging with coordinated administration of Gd-DTPA 
and ferrite exploits the pharmacokinetic advantages of both 
agents. Ten min after administration of both contrast agents, 
tumor signal intensity is increased by Gd-DTPA (predominant 
T1 shortening) and liver signal intensity is decreased by ferrite 
(predominant T2 shortening). Resultant C/N values are 
greater than with either contrast agent alone; as C/N has 
been shown to correlate with lesion detectability, it is ex- 
pected that the dual-contrast technique will help improve 
diagnostic accuracy and decrease the threshold size for lesion 
detection. 
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Toxicity is a major concern and must be balanced against 


the incremental diagnostic gain of any technique in clinical 
use. Gd-DTPA and ferrite each appear to be substantially less 
toxic than iodinated contrast agents, with the safety factor 
(ratio of LDso to the effective dose) being used as a criterion 
for comparison [22, 23]. Gd-DTPA and ferrite have no known 
interaction in vitro or in vivo, and adverse reactions should 
not be increased by coordinated use of the drugs together. 
The simultaneous use of both contrast agents may, in fact, 
allow reduction in the total dose of contrast media, while 
improving diagnostic performance. 
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Fig. 7.—Fe-Gd dual-contrast tech- 
nique (SE 250/20). 

A, Precontrast image of 6- by 8-mm 
tumor (arrow). 

B, Ferrite decreases signal intensity 
from normal hepatic tissue; tumor sig- 
nal (arrow) remains about the same. 

C, When gadolinium is administered 
also, signal intensity of tumor (arrow) 
increases. 
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MR Relaxation Times and Iron 
Content of Thalassemic Spleens: 
An In Vitro Study 





To determine the relationship between MR relaxation times and the iron content of 
the spleens in patients with thalassemia, we measured these parameters at 0.19 and 
1.18 T in 19 thalassemic spleen specimens in vitro. The correlation was best between 
iron content and the dependence between the interecho interval and the 1/T2 (T2 
relaxation rate) at 1.18 T(r = .9361, p < .001). No statistically significant correlation was 
found between T1 and iron content at either field strength. 

The variation of the 1/T2 with interecho interval may be useful for measuring iron 
content in vivo. It supports the theory that the T2 relaxation of iron deposits occurs via 
cellular field gradients produced by intralysosomal granules of hemosiderin. 


Hemosiderin deposits are hypointense on spin-echo MR imaging at field strengths 
higher than 0.04 T [1-9]. This hypointensity originally was ascribed to a proton- 
electron dipole-dipole proton relaxation enhancement (PRE) caused by Fe°* (ferric 
iron) in ferritin, hemosiderin, or other, less abundant, iron-containing moieties (1-4, 
7]. However, in vivo and in vitro evidence indicates that a selective T2 PRE is a 
result of the dephasing of proton spins in water molecules that are diffusing through 
cellular field gradients caused by the intralysosomal granules of hemosiderin (6, 
10]. 

This study was conducted to test the validity of this theory when clinical samples 
were imaged and to assess the potential of using spin-echo MR imaging for in vivo 
measurement of tissue concentrations of iron. 


Materials and Methods 


Splenic samples were obtained from 19 patients undergoing splenectomy for thalassemia 
minor or major, with or without other hematologic disorders such as sickle cell disease. The 
tissue samples were frozen immediately with liquid nitrogen and acetone and were stored on 
dry ice. They were thawed at room temperature before analysis. Iron content was measured 
by flame atomic absorption spectrophotometry of tissue lysates obtained by heating the 
samples with aqua regia (concentrated 1:1 solution of HCI and HNO3). MR relaxation 
experiments were performed at room temperature at 0.19 and 1.18 T on a variable-field, 
pulsed spectroscopy unit (homemade unit built for Mildred Cohen at the University of 
Pennsylvania). T1s were obtained by determining the null point of the inversion recovery 
sequence. T2s were obtained by fitting an exponential decay rate to spin-echo trains by using 
interecho intervals (27comg) Of 2 and 8 msec. Each T1 was measured twice and averaged, and 
each T2 was measured once. Statistical analysis was performed by using a standard 
commercial program (SPSS/PC+, Chicago, IL). 


Results 


Table 1 shows the results for the 19 samples. Excluded are the measurements 
for cases 13 and 18 at 0.19 T and 27..m, = 8 msec. At 0.19 T all the T2 relaxation 
times were the same for 2r<5mg = 2 and 8 msec, except for case 13 (115.5 and 
99.9 msec) and case 18 (40.6 and 25.6 msec). 
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TABLE 1: Relaxation Times and Iron Content of Thalassemic 
Spleen Samples 
EES SE 


Spleen T1 (msec) T2 (msec) lron Content 

Sample 9497 1.48T 0.197? 118° 1.18T° — (mg/g) 
1 230 554 806 60.5 539 0.130 
2 216 497 809 39 538 0.220 
3 120 187 261 231 139 3.886 
4 75 202 338 161 99 9.491 
5 130 259 390 199 134 4.437 
6 68 158 288 141 10.2 2950 
7 130 302 416 188 126 2.432 
8 151 295 752 123 10.4 1.937 
9 72 245 534 224 179 1.511 
10 180 418 88.0 532 493 0.432 
11 158 353 527 31.6 247 1.380 
12 151 274 467 2714 175 2429 
13 216 504 115.5 70.5 705 0101 
14 180 425 610 207 165 1.726 
15 107 137 781 573 50.0 0.554 
16 216 307 254 90 60 10.629 
17 230 439 50.2 299 22.2 1.088 
18 101 202 406 178 115 4.256 
19 194 439 56.2 328 25.6 1.486 


————————————— SESS SS SE e e 
Note.—The T2 at 0.19 T was the same for both interecho intervals. 
a Interecho intervals = 2 and 8 msec. 
? Interecho interval = 2 msec. 
© Interecho interval = 8 msec. 


Table 2 shows the correlations of the relaxation times and 
rates with iron content. Multiple regression analysis for the 
relaxation times and rates with iron content yielded maximal 
correlation for the difference in T2 relaxation rates (1/T2) at 
1.18 T between interecho intervals of 2 and 8 msec. When 
this difference was used as a Single variable, it had a corre- 
lation coefficient of r = .9361 (p < .001) with iron content. 


Discussion 


Both ferritin and hemosiderin have about 2000 Fe** ions 
per molecule and each ion has five unpaired electrons (i.e., 
each molecule has about 10,000 unpaired electrons). Be- 
cause ferritin and hemosiderin are superparamagnetic, all the 
electrons of each particle (domain) are parallel to each other. 
However, their common direction fluctuates extremely rapidly, 
and only the average magnetization is observed. Thus, each 
ferritin or hemosiderin macromolecule has its own superpara- 
magnetic susceptibility (orders of magnitude larger than that 
of an equivalent solution of Fe**), resulting in very large field 
gradients near these macromolecules [10]. Diffusion or ex- 
change of water across these field gradients results in a T2 
PRE. However, it is insufficient to account for the T2 PRE 
observed in hemosiderotic deposits [7, 10]. Coarser cellular 
field gradients, caused by the lysosomal distribution of he- 
mosiderin, account for most of the T2 PRE observed on 
Clinical MR imaging [10]. Both these T2 PREs increase as the 
square of the magnetic field strength for spin-echo se- 
quences, but only the T2 PRE that is due to the lysosomal 
distribution of hemosiderin increases with increasing interecho 
intervals greater than 2 msec [10]. 

The lack of significant correlation of the T1s and the 1/T1s 
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TABLE 2: Correlation of Relaxation Times and Rates with Iron 
Content of Thalassemic Spleen Samples 


Field Interecho l 
meae Stengt menal Goan 
(T) (msec) 

T1 0.19 NA —.2759 
T1 1.18 NA —.4654 
T2 0.19 2 and 8 —.7005° 
T2 1.18 2 —.6458> 
T2 1.18 8 —.6343° 
wT 0.19 NA 2953 
1/T1 1.18 NA .3034 
1/T2 0.19 2 and 8 .8317° 
(A) 1.18 2 7799° 
(B) 1.18 8 .8663° 
(A) — (B) NA NA .9361° 





Note.—NA = not applicable. (A) and (B) = the T2 relaxation rates (1/T2) at 
1.18 T with interecho intervals of 2 and 8 msec, respectively. Their difference 
is (A) — (B). 

èp < .001, by one-tailed significance test. 

°? p < .01, by one-tailed significance test. 


with iron content of the spleen confirms the absence of 
significant proton-electron dipole-dipole PRE in hemosiderotic 
deposits. Therefore, the correlation of iron content with the 
T2s, and even more so with the 1/T2s, is consistent with a 
selective T2 PRE that is due to dephasing by diffusion across 
field gradients. The existence of a significant difference in 1/ 
T2s measured with interecho intervals of 2 and 8 msec at 
1.18 T confirms the dominance of field gradients of cellular, 
rather than intermacromolecular, dimensions [10]. This differ- 
ence was correlated most significantly with iron content be- 
cause only the 1/T2 due to field gradients that are on the 
order of gradients of cellular dimension will vary with 27cpmg 
in this time range (i.e., all other contributions to the tissue 1/ 
T2 are canceled by the subtraction). The lack of a significant 
difference in 1/T2s at 0.19 T measured with interecho inter- 
vals of 2 and 8 msec is consistent with the quadratic behavior 
with field strength for this difference. The interecho intervals 
used in clinical MR imaging are longer than 8 msec, and the 
system noise is different than in our spectrometer. Therefore, 
the optimal pulse sequence and field strength for clinical 
measurement of iron content only can be suggested by these 
results. The lower the concentration of iron is, the higher the 
optimal field strength and the bigger the difference in 27 cpm 
should be. 

Gradient-echo imaging [11] is sensitive to T2* (the time it 
takes the free induction signal to decay to 37% of its initial 
value). Although these images are noisier, they are more 
sensitive to field inhomogeneities than spin-echo images are. 
They may be useful for measuring iron concentration at low 
field strengths or for measuring extremely low iron concentra- 
tions at higher field strengths. Another method for measuring 
iron content by MR is by measurement of magnetic suscep- 
tibility. A recent report [12] indicated that this method may be 
inferior to T2 assessment on spin-echo MR. The same tech- 
niques that are sensitive to tissue deposits of iron should be 
equally sensitive to the particulate iron found in contrast 
agents for the reticuloendothelial system [10, 13-16]. 
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The dependence of 1/T2 on 27¢pmg at higher field strength 


and its correlation with iron content confirms the importance 
of the heterogeneous distribution of hemosiderin (intralyso- 
somal) to the MR appearance of iron deposits and suggests 
a method that can be used to measure iron content in vivo. 
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Categorical Course in Breast Imaging 


American Roentgen Ray Society 88th Annual Meeting 


a May 8-12, 1988, San Francisco Hilton and Tower, San Francisco, CA 
Program Chairman: Stephen A. Feig, Philadelphia, PA; (215) 928-7253 


Sunday, May 8 


9:00-9:10 a.m. Welcome from the President (Gagliardi) 
9:10-9:15 a.m. Introduction (Feig) 
9:15-10:00 a.m. Xeromammography: principles, equipment, technique, quality control (Sickles) 


10:30-11:30 a.m. 
11:30 a.m.—Noon 


Break 

1:30-2:15 p.m. 
2:15-3:00 p.m. 
Break 

3:30-4:10 p.m. 
4:10-4:50 p.m. 
4:50-5:30 p.m. 

Monday, May 9 

1:30-2:10 p.m. 
2:10-2:50 p.m. 
2:50-3:30 p.m. 
Break 

4:00-4:45 p.m. 
4:45-5:30 p.m. 


Tuesday, May 10 
4:00-4:45 p.m. 
4:45-5:15 p.m. 
5:15-5:30 p.m. 


Wednesday, May 11 


4:00-4:30 p.m. 
4:30-5:15 p.m. 
5:15-5:30 p.m. 
Thursday, May 12 
4:00-4:30 p.m. 
4:30-5:00 p.m. 
5:00-5:30 p.m. 
5:30-5:35 p.m. 


Screen-film mammography: principles, equipment, technique, quality control (Feig) 
American College of Radiology Mammography Accreditation Program (McLelland) 


Breast masses: differential diagnosis (Ad/er) 
Breast calcifications: differential diagnosis (Rebner) 


Mammography of the treated breast (Paulus) 
Practical solutions to common mammographic problems (Sickles) 
Prebiopsy localization of nonpalpabie breast lesions (Kopans) 


Mammographic-pathologic correlation (Troupin) 
Breast ultrasound: equipment, technique, interpretation, accuracy (Bassett) 
Fine needle aspiration biopsy, ductography, pneumocystography (Logan) 


Panel: Diagnostic problem cases (Moderator: Feig; members: Bassett, Kopans, Rebner, Troupin) 
Panel: Subtle signs of carcinoma (Moderator: Feig; members: Adler, Logan, McLelland, Moskowitz, 
Sickles) 


Issues in breast cancer screening (Moskowitz) 
How to establish a low-cost community screening program (McLelland) 
Discussion 


Wording the mammography report (Feig) 
Medicolegal aspects of mammography (Brenner) 
Discussion 


Transillumination lightscanning (D’Orsi) 
Breast MR (Alcorn) 

Digital mammography (Merritt) 
Concluding remarks (Feig) 
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Gallbladder Disease in Patients 
with Primary Sclerosing 
Cholangitis 





We evaluated the gallbladders of 121 patients who had well-documented primary 
sclerosing cholangitis. Sonograms, cholangiograms, and CT scans were reviewed, and 
the findings were correlated with surgical or autopsy findings, when available. Pathologic 
examination of the gallbladder was available in 55 (45%) of the 121 patients; of these, 
49 (89%) had abnormal gallbladders. Ninety-three of the 121 patients had one or more 
radiologic examinations of the gallbladder: 77 had sonograms, 80 had cholangiograms, 
and 18 had CT scans. Seventy-five (62%) of the 121 patients had abnormal gallbladders 
on histologic examination or had positive findings on one or more imaging study. By 
excluding 25 patients who had histologic changes of borderline significance and/or 
patients who had thick-walled gallbladders attributable to end-stage liver disease, we 
concluded that 50 (41%) of the 121 patients had intrinsic abnormalities of the gallbladder. 
Thirty-two (26%) had gallstones, 18 (15%) had probable primary sclerosing cholangitis 
involving the gallbladder, and five (4%) had benign or malignant neoplasms. 

Our study indicates that gallbladder abnormalities are common among patients with 
primary sclerosing cholangitis, and sonography is the most useful technique for evalu- 
ating these conditions. 


Primary sclerosing cholangitis is a chronic cholestatic syndrome of undetermined 
cause. It is characterized by diffuse fibrosing inflammation of the intrahepatic and 
extrahepatic bile ducts, resulting in bile duct obliteration, biliary cirrhosis, and 
hepatic failure [1-7]. Primary sclerosing cholangitis and ulcerative colitis are fre- 
quently associated [1, 7, 8]. The occurrence of gallbladder abnormalities in primary 
sclerosing cholangitis has been mentioned occasionally in the literature [1, 4, 5, 7, 
9, 10], but to our knowledge, no systematic study of the gallbladder in a large 
population of patients with primary sclerosing cholangitis has been published to 
date. 

The aims of our study were to determine (1) how often gallbladder abnormalities 
occur in patients with primary sclerosing cholangitis, (2) what pathologic changes 
occur in these patients, and (3) what radiologic findings are associated with 
gallbladder abnormalities. 


Subjects and Methods 


We reviewed the records of 121 consecutive patients with well-documented primary 
sclerosing cholangitis. There were 77 men (64%) and 44 women (36%) in our study group. 
The patients ranged in age from 21 to 70 years (mean, 43.3 years). Ninety-two patients (76%) 
had inflammatory bowel disease (almost all had ulcerative colitis). The diagnosis was based 
on clinical, biochemical, cholangiographic, and histologic criteria [1-3]. The results of sono- 
grams, cholangiograms, and CT scans were correlated with those of other imaging techniques 
as well as with surgical or autopsy findings, when available. Pathologic confirmation was 
available in 55 patients. 

We defined a thickened gallbladder wall on sonography as a wall thickness of 2 mm or 
more when the lumen was distended to at least 2 cm in transverse diameter. When histologic 
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confirmation was not available, gallbladder wall thickening that was 
asymmetric or that occurred in the absence of hypoalbuminemia, 
portal hypertension, or other known extrinsic causes was considered 
to be indicative of intrinsic gallbladder disease and to be due to 
primary sclerosing cholangitis. 

Of the 121 patients, 93 underwent one or more radiologic investi- 
gations of the gallbladder: 77 had sonograms, 80 had cholangio- 
grams, and 18 had CT scans. 


Results 


Pathologic Results 


Gallbladder abnormalities were classified into four cate- 
gories: gallstones, probable primary sclerosing cholangitis, 
neoplasms, and cholesterolosis. In some instances, gallblad- 
ders had features that allowed them to be classified into two 
or more categories. 

Gallstones were found in 32 patients. In 16 of these, the 
gallstones were confirmed at surgery or autopsy; in eight of 
the 16, the stones were described as bilirubinate (black) 
stones. In this subgroup of patients in whom pathologic proof 
was available, two patients had positive sonograms and one 
had a positive cholangiogram. Sonograms showed stones in 
an additional 15 patients in whom there was no pathologic 
proof, and cholangiograms showed stones in six of these 15. 
In one case, gallstones were detected by cholangiography 
alone. 

Thirty-nine gallbladders without stones were examined his- 
tologically. Eleven showed evidence of fibrosis and inflam- 
mation, consistent with primary sclerosing cholangitis involv- 
ing the gallbladder, and 28 were normal or had changes that 
were of questionable pathologic significance. Malignant or 
benign (or both) neoplasms were found in five patients: three 
with adenocarcinoma, one with adenomyoma, and two with 
adenoma. Cholesterolosis was detected in three patients. 


Imaging Results 


Thirty-eight (49%) of 77 patients had abnormal results on 
sonography: 17 (22%) had stones, 20 (26%) had thick gall- 
bladder walls without stones, and one had an adenoma. 

Of the 20 patients with thick gallbladder walls but no stones, 
14 had hypoalbuminemia (albumin <2.5 g/dl), portal venous 
hypertension (clinical evidence of esophageal varices or as- 
cites), or both. Either hypoalbuminemia or portal venous 
hypertension can produce thickening of the gallbladder wall 
without intrinsic gallbladder disease. In remaining six patients 
with thick walls, there was no evidence of hypoalbuminemia, 
portal venous hypertension, or other causes for this finding; 
these patients were considered to have primary sclerosing 
cholangitis with involvement of the gallbladder (Fig. 1A). 

Five patients had asymmetric wall thickening; in one of 
these, there was no evidence of hypoalbuminemia or portal 
venous hypertension. In the remaining four, there was a 
proved adenomyoma (Fig. 1B). Even though the remaining 
three patients had end-stage liver disease, the asymmetric 
distribution of the wall thickening was suggestive of intrinsic 
gallbladder disease, consistent with primary sclerosing chol- 
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angitis involvement (Fig. 1C). Overall, therefore, nine of these 
20 patients had unexplained symmetric or asymmetric wall 
thickening attributable to primary sclerosing cholangitis (two 
had histologic confirmation). 

Among the 80 patients who had not had previous chole- 
cystectomies and whose cholangiograms were of sufficient 
quality to evaluate the gallbladder, abnormalities were present 
in 14%. Stones were seen in eight patients, gallbladder ade- 
noma in one, and an extrinsic mass in one. Nonfilling of the 
gallbladder occurred in one case in which adenocarcinoma 
was later confirmed. In three instances, small stones seen on 
sonograms were missed at cholangiography. A limitation of 
cholangiography is its inability to evaluate the thickness of 
the gallbladder wall; in 16 cases in which cholangiograms 
were negative, wall thickening was seen on sonograms. 
Among the 16 CT examinations, gallbladder thickening was 
seen in three. In one patient, stones were found by sonogra- 
phy but were missed by CT. 

Overall, in 75 (62%) of the 121 patients, gallbladder abnor- 
malities were confirmed by histologic examination or by one 
or more imaging techniques. Excluding those patients with 
end-stage liver disease who had questionable acalculous 
cholecystitis on pathologic studies and/or symmetric gallblad- 
der wall thickening on sonography, 50 (41%) had abnormal 
gallbladders. Twenty-six percent had gallstones, 15% had 
probable primary sclerosing cholangitis involving the gallblad- 
der, and 4% had malignant or benign neoplasms of the 
gallbladder. (Percentages add to more than 41% because 
some patients had more than one abnormality.) 


Discussion 


No specific histologic changes in the gallbladder or on liver 
biopsy specimens are pathognomonic for primary sclerosing 
cholangitis, and the diagnosis is usually based on a combi- 
nation of clinical, biochemical, histologic, and radiologic ab- 
normalities. The term “primary sclerosing cholangitis” is ap- 
plied, regardless of associated conditions such as ulcerative 
colitis, when congenital biliary tract disease and known 
causes of biliary sclerosis such as choledocholithiasis, pre- 
vious surgical trauma, and malignancy can be ruled out 
[1-4]. 

Tobias et al. [7] found gallstones in three patients with 
primary sclerosing cholangitis. They pointed out that some 
authors consider the presence of gallstones to invalidate the 
diagnosis of primary sclerosing cholangitis because bile-duct 
changes may be caused by subsequent choledocholithiasis. 
However, they concluded that many cases of bona fide pri- 
mary sclerosing cholangitis will be excluded if this criterion is 
applied indiscriminately. The incidental finding of gallstones 
does not exclude an otherwise firm diagnosis of primary 
sclerosing cholangitis. 

The frequency of gallstones in our series (26%) was higher 
than expected for this group of predominantly young men, 
which strongly suggests that the gallstones are causally 
related to the primary sclerosing cholangitis. Several possible 
mechanisms may explain the increased occurrence of gall- 
stones in primary sclerosing cholangitis [11]. The high fre- 
quency of pigment stones (eight of 16) in this series suggests 
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Fig. 1.—Sonograms in three patients with primary sclerosing cholangitis show gallbladder abnormalities. 

A, Note symmetric thickening of gallbladder wall, thought to be due to primary sclerosing cholangitis. Patient had a normal serum albumin level, no 
evidence of cirrhosis on liver biopsy specimen, and no clinical evidence of portal venous hypertension. 

B, Focal asymmetric thickening of gallbladder wall is due to adenomyoma (arrow). 

C, Diffuse, pronounced, asymmetric thickening of gallbladder wall. Histologically, fibrous thickening and lymphocytic infiltrates were present and were 


attributed to primary sclerosing cholangitis involving the gallbladder. 


that the underlying duct disease and underlying cholestasis 
are etiologically important. 

Previous authors have suggested that primary sclerosing 
cholangitis can directly involve the gallbladder itself [4, 5, 9, 
10], and cholangiographic abnormalities of the cystic duct 
region also have been reported [4]. One study [5] described 
a patient in whom the gallbladder wall was greatly thickened, 
primarily because of the extension of fibrosis into the serosa. 

In our series, a range of histologic features was seen with 
various patterns of inflammation, degree and location of fibro- 
sis, smooth muscle hyperplasia, and other features, including 
those described by one study [5]. Pathognomonic histologic 
features were not seen. Hence, these cases were classified 
as probable rather than definite primary sclerosing cholangitis 
involving the gallbladder. 

The significance of the sonographic appearance of gallblad- 
der wall thickening has been a matter of long-standing con- 
troversy. Clearly, it is a nonspecific sign and can occur in 
many conditions [5, 12-14]. Primary sclerosing cholangitis 
may lead to end-stage liver disease, along with hypoalbumi- 
nemia or portal venous hypertension (or both). Therefore, 
when a thickened gallbladder wall without stones is seen in a 
patient with primary sclerosing cholangitis, the first hypothesis 
should be that it is probably due to end-stage liver disease. 
Generally, this thickening is diffuse and symmetric. However, 
when asymmetric thickening is observed, or when gallbladder 
wall thickening occurs in the absence of portal hypertension 
or hypoalbuminemia, the presence of primary intrinsic gall- 
bladder disease, such as a mass or inflammatory process, 
should be presumed. 

A precise estimate of the frequency of involvement of the 
gallbladder by primary sclerosing cholangitis is impossible to 
determine from our study. First, no pathognomonic histologic 
findings have been identified. Second, we eliminated from our 
series 20 gallbladders that had borderline histologic changes, 


some of which could have been due to early or minimal 
primary sclerosing cholangitis. Third, some of the gallbladders 
containing stones could have had underlying primary scleros- 
ing cholangitis, which was masked by the chronic cholecystitis 
of cholelithiasis. Also, some of the inflammatory changes in 
the gallbladders without stones, which we attributed to pri- 
mary sclerosing cholangitis, could have been caused by 
stones that had passed. However, given the significant in- 
volvement of the common duct by inflammation and stricture 
formation in most patients with primary sclerosing cholangitis, 
a significant number of patients probably would not pass 
gallstones successfully. Therefore, we consider our findings 
(15% of the patients in our series had primary sclerosing 
cholangitis involving the gallbladder) to be conservative. 

Papillary adenomas of the gallbladder, considered to be 
rare lesions [15, 16], were found in two of our 121 patients 
with primary sclerosing cholangitis. Adenocarcinomas of the 
gallbladder are also uncommon malignant lesions, particularly 
in the absence of gallstones. Three of our patients had 
gallbladder carcinomas, and one of these had no concurrent 
cholelithiasis. A definite association between primary scleros- 
ing cholangitis and cholangiocarcinoma has been shown [17, 
18], and this may be analogous to the increased frequency 
of adenocarcinomas of the colon in patients with long-stand- 
ing ulcerative colitis. Therefore, the occurrence rate of both 
benign and malignant neoplasms of the gallbladder is most 
likely greater in patients with primary sclerosing cholangitis 
than in the general population. 

The sensitivity of sonography for detecting gallstones in 
patients with primary sclerosing cholangitis is much higher 
than that of either CT or cholangiography. Cholangiography 
does not evaluate abnormalities of the gallbladder wall as well 
as sonography does. In this series, sonograms were the most 
useful in evaluating all of the abnormalities found in the 
gallbladders of patients with primary sclerosing cholangitis. 


574 


REFERENCES 


ai 


2. 


Wiesner RH, Ludwig J, LaRusso NF, MacCarty RL. Diagnosis and treat- 
ment of primary sclerosing cholangitis. Semin Liver Dis 1985;5:241-253 
Wiesner RH, LaRusso NF. Clinicopathologic features of the syndrome of 
primary sclerosing cholangitis. Gastroenterology 1980;79:200-206 


. LaRusso NF, Wiesner RH, Ludwig J, MacCarty RL. Primary sclerosing 


cholangitis. N Eng! J Med 1984;310:899-903 


. MacCarty RL, LaRusso NF, Wiesner RH, Ludwig J. Primary sclerosing 


cholangitis: findings on cholangiography and pancreatography. Radiology 
1983;149:39-44 


. Case records of the Massachusetts General Hospital (Case 6-1982). N 


Engl J Med 1982;306:349-358 


. Doyle TCA, Roberts-Thomson IC. Radiological features of sclerosing chol- 


angitis. Australas Radiol 1983;27 : 163-166 


. Tobias R, Wright JP, Kottler RE, et al. Primary sclerosing cholangitis 


associated with inflammatory bowel disease in Cape Town, 1975-1981. S 
Afr Med J 1983;63:229-235 


. Rohrmann CA Jr, Ansel HJ, Freeny PC, et al. Cholangiographic abnormal- 


ities in patients with disease. 


1978;127:635-641 


inflammatory bowel Radiology 


. Rahn NH Ill, Koehler RE, Weyman PJ, Truss CD, Sagel SS, Stanley RJ. 


CT appearance of sclerosing cholangitis. AJR 1983;141:549-552 


BRANDT ET AL. 


10 


13. 


14. 


15. 


16. 


a7. 


18. 


AJR:150, March 1988 


Carroll BA, Oppenheimer DA. Sclerosing cholangitis: sonographic demon- 
stration of bile duct wall thickening. AJR 1982;139:1016-1018 


. LaRusso NF. Sclerosing cholangitis and gallstones. Contemp Issues Gas- 


troentero! 1985;4:231-236 


. Shlaer WJ, Leopold GR, Scheible FW. Sonography of the thickened 


gallbladder wall: a nonspecific finding. AJR 1981;136:337-339 

Tsujimoto F, Miyamoto Y, Tada S. Differentiation of benign from malignant 
ascites by sonographic evaluation of gallbladder wall. Radiology 
1985; 157 :503-504 

Fiske CE, Laing FC, Brown TW. Ultrasonographic evidence of gallbladder 
wall thickening in association with hypoalbuminemia. Radiology 
1980;135:713-716 

Berk RN, van der Vegt JH, Lichtenstein JE. The hyperplastic cholecys- 
toses: cholesterolosis and adenomyomatosis. Radiology 1983;146: 
593-601 

Ochsner SF. Solitary polypoid lesions of the gallbladder. Radiol Clin North 
Am 1966;4:501-510 

MacCarty RL, LaRusso NF, May GR, et al. Cholangiocarcinoma compli- 
cating primary sclerosing cholangitis: cholangiographic appearances. Ra- 
diology 1985;156:43-46 

Wee A, Ludwig J, Coffey RJ Jr, LaRusso NF, Wiesner RH. Hepatobiliary 
carcinoma associated with primary sclerosing cholangitis and chronic 
ulcerative colitis. Hum Pathol 1985;16:719-726 


575 


Case Report 





The Effervescent Gallbladder: A Sonographic Sign of 


Emphysematous Cholecystitis 


Albert A. Nemcek, Jr.,’ Richard M. Gore, Robert L. Vogelzang, and Mysti Grant 


Emphysematous cholecystitis is an uncommon form of 
acute inflammation of the gallbladder. In this disorder, gas 
typically accumulates within the gallbladder wall or lumen but 
occasionally may be found in the bile ducts or pericholecystic 
area [1]. The sonographic features of emphysematous cho- 
lecystitis have been well described: highly echogenic collec- 
tions with shadowing and reverberation emanating from the 
gallbladder wall or lumen [2-7]. We report a case of emphy- 
sematous cholecystitis in which tiny echogenic foci (gas bub- 
bles) were observed rising from the dependent portion of the 
gallbladder, reminiscent of rising champagne bubbles. This 
striking and previously undescribed appearance on real-time 
sonography led to the correct diagnosis. 


Case Report 


A 60-year-old man with a history of insulin-dependent diabetes 
mellitus presented with right upper quadrant pain, temperature of 
100.8°F (38.2°C), and a 3-day history of decreased appetite. Palpa- 
tion of the right upper quadrant revealed mild tenderness, which 
according to the patient, had diminished significantly since the onset 
of his symptoms. Laboratory tests showed elevation of the white 
count (24,000 cells/ul), aspartate serum transferase (34 IU/I), lactate 
dehydrogenase (238 IU/!), and alkaline phosphatase (161 IU/!). The 
total bilirubin was normal (0.7 mg/dl). 

Sonography of the right upper quadrant disclosed multiple shad- 
owing gallstones, thickening of the gallbladder wall, and slight disten- 
sion of the gallbladder (Fig. 1A). Additionally, multiple tiny echogenic 
foci were noted within the gallbladder lumen. They arose from the 


dependent part of the gallbladder and were observed “floating” to the 
nondependent wall (Figs. 1A-1C). The effect was reminiscent of 
bubbles rising in a glass of champagne. Further changes in the 
patient's position revealed a small area of hyperreflectivity in the most 
nondependent part of the gallbladder; a shadow with multiple rever- 
berations emanated from this area (Fig. 1D). Also, a short linear focus 
of increased echogenicity without recognizable shadowing was seen 
in the region of the gallbladder neck (Fig. 1D). Although vague right 
upper quadrant tenderness was present, no clear sonographic Mur- 
phy sign was noted. 

On the basis of the sonographic examination, emphysematous 
cholecystitis was suspected. Plain films of the abdomen revealed a 
small amount of gas in the right upper quadrant that could not be 
localized with certainty to the gallbladder. Abdominal CT (Fig. 1E) 
showed a small collection of gas within the lumen of the gallbladder 
as well as within the wall of the gallbladder neck. Mural thickening of 
the gallbladder was again shown, as well as extensive pericholecystic 
soft-tissue edema and thickening of the wall of the adjacent duo- 
denum. 

At surgery, the gallbladder was found to be surrounded by purulent 
material and appeared extremely inflamed and edematous. Adjacent 
bowel was also edematous but otherwise normal, with no evidence 
of perforation or fistula formation. On gross examination, both the 
external and mucosal surfaces of the gallbladder were markedly 
hemorrhagic with focal areas of purulent material. The wall was 5 
mm thick, except in one small portion where it measured only 1 mm. 
Multiple, predominantly pigment calculi were present within the gall- 
bladder. 

Cultures of the gallbladder obtained at surgery grew Escherichia 
coli. The patient was treated postoperatively with gentamicin and 
clindamycin. His recovery was uneventful, and he was discharged 
from the hospital on the ninth day after surgery. 
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Fig. 1.—A-C, Sonograms of gallbladder all obtained in the span of a few minutes. Echogenic foci could be followed as they rose vertically. Shadowing 
gallstones are also seen. 
D, Reverberation shadow arises from nondependent wall of the gallbladder (open arrow). Persistent hyperreflective focus is present in gallbladder 
neck region (solid arrow). 
E, CT scan shows gas collections within gallbladder lumen and wall (curved arrow), and there is a soft-tissue density in pericholecystic area 
(arrowheads). 
F, Dilated gallbladder with mural thickening, gas within gallbladder lumen (open arrow), and gallstones (solid arrow). 


Discussion 


Emphysematous cholecystitis is a distinct clinical entity; 
several major features distinguish it from acute cholecystitis 
[1]. Emphysematous cholecystitis occurs more commonly in 
men, whereas acute cholecystitis is more common in women. 
Diabetics appear particularly susceptible to emphysematous 
cholecystitis. The morbidity and mortality rates for emphyse- 
matous cholecystitis are much higher than those for acute 
cholecystitis, a difference that is especially pronounced in 
patients younger than 60 years. Despite the potentially more 
lethal nature of this disorder, patients with emphysematous 
cholecystitis often have deceptively mild clinical findings. A 
sonographic Murphy sign could not be elicited from our 


patient. For this reason, imaging studies play a critical role in 
the prompt identification of this serious disorder. 

The diagnosis of emphysematous cholecystitis can be 
made sonographically by identifying gas within the wall or the 
lumen of the gallbladder that produces a highly echogenic 
collection corresponding to the shape and location of the 
gallbladder [2-6]. Typically, a shadow with multiple reverber- 
ations is seen trailing from the gas collection. The gas and its 
resultant echoes may shift in response to gravity as the 
patient changes position [6]. These sonographic findings 
should be confirmed by plain abdominal radiographs [5], 
because a large, heavily calcified gallstone or a porcelain 
gallbladder may produce similar sonographic findings. In our 
case, these features were present but subtle because of the 
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small amount of coalescent gas. Our search for these findings 
was prompted by the identification of tiny echogenic foci 
rising within the gallbladder lumen. Although there is no way 
to prove that the foci themselves represented gas bubbles 
seeping from the infected gallbladder wall, their appearance, 
behavior, and proved association with a gas collection within 
the gallbladder lumen allow no other reasonable explanation. 
As would be expected for tiny air bubbles, these foci were 
echogenic [7], showed no acoustic shadowing [8], and rose 
to the nondependent surface of the fluid-filled gallbladder 
lumen. 

Because of the low prevalence of emphysematous chole- 
cystitis, the frequency of the findings we have described has 
not been established. We hope that our report will spur other 
investigators to look for this finding in patients with suspected 
gallbladder disease. 
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Case Report 





Choledochal Varices 


Seukky Kim' and Felix S. Chew 


To our knowledge, only four cases of choledochal varices 
with cholangiographic demonstration have been reported in 
the English-language literature [1-3]. We present two addi- 
tional anatomically proved cases. Each has unique and poten- 
tially confusing radiographic findings. 


Case Reports 
Case 1 


A 77-year-old white man with alcoholic hepatic cirrhosis was 
admitted with jaundice and weight loss of recent onset. Physical 
examination revealed stigmata of alcoholic cirrhosis. The hematocrit 
was 32.0%, alkaline phosphatase was 566 |U/1, total bilirubin was 
7.0 mg/dl, and SGOT was 256 IU/I. Multiple space-occupying masses 
in the liver were shown by sonography and liver-spleen scintigraphy; 
hepatocellular carcinoma and advanced cirrhosis were found on 
biopsy. Percutaneous transhepatic cholangiography showed a nod- 
ular intraluminal filling defect at the proximal common hepatic duct 
(Fig. 1A). An oblique view revealed this to be an elongated intraluminal 
defect extending the entire length of the common hepatic duct (Fig. 
1B). This defect was thought to represent intraluminal metastases 
from the liver. Two nodular extrinsic defects were also noted at the 
midportion of the common duct (Figs. 1A and 1B); these were thought 
to be metastatic lymphadenopathy along the bile duct. The patient 
became progressively worse and died. An autopsy confirmed the 
presence of extensive hepatocellular carcinoma and advanced cirrho- 
sis, but no extrahepatic metastases were found. Massive collateral 
veins at the porta hepatis were present and were found to be 
compressing the common bile duct (Fig. 1C). 


Case 2 


A 37-year-old white woman with congenital hepatic fibrosis and 
portacaval shunt at the age of 18 years was admitted with acute 
right upper quadrant pain, fever, and chills. Antibiotic therapy for 
what was assumed to be acute cholecystitis resulted in rapid clinical 
improvement. Angiography showed occlusion of the portacaval shunt 
and massive collateral veins at the porta hepatis. During surgery for 
mesocaval shunt and cholecystectomy, subacute cholecystitis and 
massive varices along the common bile duct were found. There were 
many fine, tortuous veins along the surface of the common bile duct. 
A cholangiogram obtained during surgery showed spiral extrinsic 
defects along the common duct at the cystic duct level due to large 
encircling varices (Fig. 2A). The wall of the common bile duct and 
part of the common hepatic duct showed a fine irregularity resulting 
from varices of the choledochal venous plexus. The surgical findings 
are illustrated in Figure 2B. 


Discussion 


Extrahepatic obstruction of the portal vein with resulting 
portal hypertension may cause extensive collateral venous 
circulation at the porta hepatis. These collateral veins may 
compress and narrow the common bile duct, sometimes 
causing obstructive jaundice [4, 5]. There are two venous 
systems along the extrahepatic bile ducts, the paracholedo- 
chal veins of Petren [6] (Fig. 3A) and the epicholedochal 
venous plexus of Saint [7] (Fig. 3B). The paracholedochal 
veins course parallel to the common duct and are connected 





Received August 31, 1987; accepted after revision October 26, 1987. 


' Both authors: Department of Radiology, State University of New York, Health Science Center at Syracuse, 750 E. Adams St., Syracuse, NY 13210. Address 


reprint requests to S. Kim. 


AJR 150:578-580, March 1988 0361-—803X/88/1503-0578 © American Roentgen Ray Society 


AJR:150, March 1988 CHOLEDOCHAL VARICES 579 





A B 


Fig. 1.—Case 1: Varices of paracholedochal veins. 


A, Percutaneous transhepatic cholangiogram shows intraluminal nodular defect at proximal common hepatic duct (curved arrow) and two nodular 


extrinsic defects at middie of common duct (straight arrows). 


B, Oblique projection shows intraluminal nodular defect extending distally along lateral aspect of common hepatic duct (arrowheads). 
C, Artist’s rendering of autopsy findings shows paracholedochal veins indenting common duct. A long varix protrudes into common hepatic duct, 


causing an intramural filling defect. 


Fig. 2.—Case 2: Varices of paracholedochal 
veins and of epicholedochal venous plexus. 

A, Cholangiogram obtained during surgery 
shows spiral extrinsic filling defect of common 
bile duct with slight narrowing (arrow). Walls of 
common duct are finely irregular. Hepatic biliary 
radicals are deformed. 

B, Artist’s rendering of surgical findings 
shows paracholedochal varices encircling com- 
mon duct and extensive varices of epicholedo- 
chal venous plexus. 


to the gastric vein, the pancreaticoduodenal vein, the portal 
vein, and to the liver directly [6]. The paracholedochal veins 
are separate structures from the bile ducts, and their varices 
cause extrinsic impressions (Figs. 1 and 2). The appearance 





is similar to that of the more familiar ureteral notching resulting 
from paraureteral collaterals that is sometimes seen on IV 
urograms. The epicholedochal venous plexus is a fine reticular 
mural structure in intimate contact with the outer surface of 
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the common duct (Fig. 3B). Saint [7] observed the plexus at 
surgery and confirmed its structure and anatomy with injec- 
tion studies of cadaver specimens. The veins of the plexus 
vary in size, but normally are no larger than 1 mm. Varices of 
the plexus alter the normally smooth intraluminal surface of 
the common duct and produce fine, irregular mural changes 
(Fig. 2). 

The cholangiographic demonstration of choledochal varices 
was first described by Williams et al. [1] in 1982; since then, 
three additional cases have been reported [2, 3], two with 
anatomic correlation. The apparent intraluminal filling defect 
along the common hepatic duct in the first case presented 
(Fig. 1) has not been described previously. The thinness and 
pliability of the bile duct wall may have allowed protrusion of 
the varicose paracholedochal vein into the lumen, resulting in 
an appearance resembling that of esophageal varices. Rec- 
ognition of this unique manifestation of choledochal varices 
as well as the more usual smooth extrinsic nodular, spiral, or 
Stenotic impressions will prevent errors in diagnosis. Fore- 
warning the clinician of their presence may prevent surgical 
accident as a varicose vessel may be mistaken for the com- 
mon duct [2, 3]. Differential diagnostic considerations include 
metastases, cholangiocarcinoma, lymphoma, a submucosal 
lesion such as one of the rare intramural benign tumors of 
mesenchymal origin, lymph nodes, crossing vessels, adherent 
stones, or parasites [2, 3]. One of the two cases of choledo- 
chal varices described in Spira et al. [3] probably included 
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Fig. 3.—Normal anatomy of choledochal 
veins. 

A, Paracholedochal venous plexus of Petren. 
Veins course parallel to common duct, commu- 
nicating with each other and eventually draining 
to larger veins. LPV = left portal vein, PDV = 
pancreaticoduodenal vein, FGV = right gastric 
vein. 
ae B, Epicholedochal venous plexus of Saint. A 

= fine reticular venous plexus covers outer surface 
ret of common hepatic and common bile ducts. 


varices of the epicholedochal venous plexus. These have not 
been described without accompanying varices of the parach- 
oledochal veins, and Saint's anatomic studies [6] suggest 
that dilatation of the paracholedochal veins will occur first in 
portal hypertension. Although the mural irregularity that re- 
sults from varices of the epicholedochal venous plexus may 
mimic cholangitis, in the clinical setting of long-standing portal 
hypertension and in the presence of paracholedochal varices, 
diagnostic confusion should not occur. 
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Case Report 





Small Bowel Obstruction Due to Garren Gastric Bubble: 
Radiographic Diagnosis 


Robert K. Zeman,’ Stanley B. Benjamin,? Michael B. Cunningham,’ Russell J. Nauta,? David F. Fleischer,” 
James H. Lewis,” Martin J. Collen,? Edward L. Cattau, Jr., 2 and Mark H. Jaffe’ 


The Garren (Garren-Edwards) gastric bubble (American 
Edwards, Irvine, CA) has been used in more than 20,000 
patients for the treatment of morbid obesity [1, 2]. The efficacy 
of this device as an adjunct to weight loss has been ques- 
tioned [3, 4], yet it remains widely used along with a variety 
of similar devices being evaluated by the U.S. Food and Drug 
Administration. The most significant complication associated 
with use of the Garren bubble is bowel obstruction due to 
spontaneous deflation with passage of the bubble into the 
small bowel [5-7]. Although small bowel obstruction due to 
the Garren-Edwards balloon has been previously described, 
the characteristic plain film findings have not been described 
[5, 6]. The plain radiographs of two patients with small bowel 
obstruction resulting from deflated Garren gastric bubbles are 
reported. In vitro studies were also performed to clarify the 
radiographic appearance of the deflated bubble. 


Case Reports 
Case 7 


A 39-year-old woman who had a Garren gastric bubble in place 
for 5 months presented with a 3-day history of nausea, vomiting, and 
abdominal cramps. An abdominal radiograph showed mild dilatation 
of the small bowel with numerous air-fluid levels. The patient’s gastric 
bubble was not evident in the stomach. On a second radiograph 
obtained after placement of a nasogastric tube, the deflated Garren 
gastric bubble was seen in a small bowel loop (Fig. 1A). Barium 
examination confirmed the presence of partial small bowel obstruction 


due to the deflated bubbie in the mid-ileum (Fig. 1B). An enterotomy 
with removal of the device was performed. 


Case 2 


A 47-year-old woman who had a Garren gastric bubble for 4 
months presented with abdominal pain, bloating, and distension. 
Dilatation of the small bowel with air-fluid levels was present on 
abdominal radiographs. The patient improved clinically, and a second 
plain abdominal radiograph made 24 hr later showed less small bowel 
distension. A collapsed Garren balloon was evident in the distal 
transverse colon (Fig. 2A). Small bowel barium examination confirmed 
the colonic location (Fig. 2B). The patient subsequently passed the 
balloon per rectum and became asymptomatic. 


In Vitro Investigation 


The Garren gastric bubble was radiographed fully deflated and 
partially deflated with the balloon in air or in a water bath. Kilovoltage 
used was 65 kVp. A 0.5-mm lead filter was used to simulate X-ray 
beam attenuation by body structures. In the water bath, intersecting 
radiolucent areas of residual air within the partially deflated balloon 
were present. The borders of the balloon were obscured by the 
surrounding fluid [8]. When the balloon was radiographed in air, the 
walls of the balloon were seen as intersecting soft-tissue densities. 
These in vitro studies prove that the radiographic appearance of the 
deflated Garren gastric bubble is dependent on the medium that 
surrounds it. Within a fluid-filled bowel loop, the balloon is identified 
by residual air within its lumen. When the balloon is surrounded by 
air, its walls are evident. 
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Discussion 


Deflation of the Garren gastric bubble poses a significant 
clinical problem and may give rise to partial or intermittent 
obstruction of the small bowel. Eighty-three cases of small 
bowel obstruction have been reported to the manufacturer of 
the Garren bubble [7]. Of these patients, 79% had had the 
balloon in place for longer than 3 months, suggesting that 
long-term balloon placement increases the risk of deflation 
and subsequent bowel obstruction. 

After balloon deflation, patients often are not certain 
whether the balloon has passed with their bowel movements. 
When the inflated gastric bubble is not radiographically iden- 
tified in the stomach, deflation has occurred [2] and a search 
for the bubble must be carried out. 

When the partially deflated balloon is surrounded by air, its 
walls appear as linear soft-tissue densities on radiographs. 
However, when the balloon is surrounded by fluid, residual 
air within the balloon appears as intersecting, linear radiolu- 
cent areas. The balloon wall itself is silhouetted. If abdominal 
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Fig. 1.—Small bowel obstruction 
due to balloon impaction in mid-ileum. 

A, Plain abdominal radiograph 
shows deflated Garren balloon lodged 
in mid-ileum (arrows). It appears as 
linear air-density shadows. 

B, Small bowel examination con- 
firms presence of collapsed balloon in 
small bowel (arrows). 


Fig. 2.—Spontaneous resolution of 
small bowel obstruction due to deflated 
balloon. 

A, Plain abdominal radiograph 
shows the deflated Garren balloon in 
distal transverse colon (arrows). 

B, Small bowel examination con- 
firms intracolonic location of deflated 
balloon (arrows). 


radiographs do not show the location of the deflated balloon 
Clearly, barium examination will locate the device. 
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CT of Renal Cell Carcinoma in 
Patients on Chronic Hemodialysis 





The occurrence rate of renal cell carcinoma is significantly higher in the native kidneys 
of patients undergoing chronic hemodialysis than in kidneys of normal subjects. These 
carcinomas may be difficult to detect because these kidneys tend to be small and 
distorted owing to acquired cystic disease. Four cases of renal cell carcinoma detected 
by CT are presented (three in patients undergoing chronic hemodialysis, and one in a 
patient with a functioning transplant who had history of dialysis). All kidneys had 
extensive acquired cystic disease. In two cases, contrast-enhanced scans showed a 
solid lesion of lower density than the kidney. In another case, in which IV contrast 
material could not be given, the mass was of higher density than the kidney and 
retroperitoneal lymphadenopathy was present. In the fourth case, no distinct solid mass 
could be identified. The only sign of malignancy in this case was extensive lymphade- 
nopathy. 

Whenever CT examination of the abdomen is performed in a patient undergoing 
chronic hemodialysis, the kidneys must be evaluated carefully because of the increased 
frequency of renal cell carcinoma. In a few cases, a distinct solid lesion may not be 
apparent or may be subtle owing to distortion of renal anatomy by acquired cystic 
disease. 


Compared with normal subjects, patients with end-stage renal disease undergo- 
ing chronic hemodialysis have an increased frequency of both acquired cystic 
disease and solid renal tumors, including renal cell carcinoma [1-5]. The use of CT 
to detect and stage suspected renal cell carcinoma is well established. However, 
there have been only a few reports of the CT appearance of renal cell carcinoma 
in the native kidneys of these patients [3, 5-7]. 

We present three patients on chronic hemodialysis and one patient with a 
functioning renal transplant who had a history of hemodialysis. In all four patients, 
renal cell carcinoma was detected by CT. The CT appearance of the tumors is the 
basis of this report. 


Materials and Methods 


Four men with end-stage renal disease caused by hypertension had CT examinations of 
the abdomen. Three were receiving long-term hemodialysis, and one with a functioning renal 
transplant had received long-term hemodialysis (range, 3.5-11 years in duration). The 
patients’ ages ranged from 45 to 67 years (average, 58). All CT scans were performed 
because of abdominal and/or flank pain, and all four patients had renal cell carcinomas 
confirmed by surgery. The patient with the transplanted kidney had a right nephrectomy 
because of pyelonephritis. Clinical findings in this patient have been described elsewhere [8]. 

CT scans were performed on either a General Electric 9800 scanner or a Picker 1200 
scanner. Contiguous scans (10 mm thick) were obtained from xyphoid process to pubic 
symphysis. Oral contrast material was administered to all patients. Three of the patients 
received bolus injections of 100-150 ml of IV contrast material. In one case, IV contrast 
material could not be given. 
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Results 


CT showed multiple small renal cysts in all patients, includ- 
ing the one with a functioning renal transplant. Contrast- 
enhanced CT scans in two patients showed solid renal 
masses, 4 and 6 cm in diameter, respectively. Both tumors 
had lower density than did the renal parenchyma (Figs. 1 and 
2). Tumor extension into the left renal vein was evident on 
CT in one case. In the case in which IV contrast material 
could not be given, unenhanced CT scans showed a 4-cm 
renal mass that had higher density than did the renal paren- 
chyma (Fig. 3). Extensive pericaval and periaortic lymphade- 
nopathy was also present. In the fourth patient, the solitary 
left kidney had numerous cysts, but no solid mass could be 
e detected (Fig. 4). Periaortic and pericaval lymphadenopathy, 
extending from the level of the renal hila to the aortic bifur- 
cation, was present. All of the patients had renal cell carci- 
nomas confirmed at surgery. None of the lesions extended 





A B 


Fig. 1.—CT scans of 59-year-old man on hemodialysis. 


A, Contrast-enhanced CT scan at level of renal hila shows numerous cysts in left kidney. 
B, Contrast-enhanced CT scan shows solid carcinoma (arrow) arising from lower pole of left 


kidney. 
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into the perinephric space. The enlarged lymph nodes were 
due to metastatic disease. 


Discussion 


Renal cell carcinoma occurs in approximately 5.8% of pa- 
tients with acquired cystic disease, a rate seven times greater 
than the general population [4]. The cause of this is uncertain; 
it has been proposed that atypical cysts, lined by hyperplastic 
epithelium, may give rise to the tumors [2]. 

A few previous reports have described the CT appearance 
of renal cell carcinoma in the native kidneys of patients on 
chronic hemodialysis. Ishikawa et al. [3] mentions three tu- 
mors detected by CT and illustrates two of them. Scanlon 
and Karasic [5] reported a case in which CT showed a solid 
mass. Griffin and Williams [7] mention one case detected by 
CT without any further description. None of these patients 
had lymphadenopathy. In the two reported cases of renal 





Fig. 2.—Contrast-enhanced CT scan of 67-year- 
old man on hemodialysis shows solid carcinoma 
(arrow) arising from left kidney. 


Fig. 3.—Unenhanced CT scan of 60-year-old 
man on hemodialysis shows hyperdense carci- 
noma in right kidney (arrow) and numerous en- 
larged lymph nodes. 


Fig. 4. —Contrast-enhanced CT scan of 45-year- 
old man with history of hemodialysis shows cystic 
changes in left kidney but no definite solid mass. 
Enlarged lymph nodes (arrow) were only indication 
of renal cancer of left kidney, which was identified 
at surgery. 
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carcinoma occurring in patients on renal dialysis [6], one 
patient had a typical solid mass. In the other patient, who had 
an 8-cm carcinoma, only retrocaval lymphadenopathy was 
detected by CT. This finding was similar to the CT findings in 
one of our patients. In another one of our cases, extensive 
lymphadenopathy was present, although a mass of higher 
density than the unenhanced kidney could be identified. 

Because of the distorted architecture and numerous cysts 
seen in patients on chronic hemodialysis with acquired cystic 
disease, a small to moderately large renal cell carcinoma may 
not be visualized on CT as a distinct mass. All of our patients 
had multiple cysts. Therefore, the presence of retroperitoneal 
lymphadenopathy in a patient with acquired cystic disease 
should raise strong suspicion of renal cell carcinoma, although 
lymphoma could also present with this appearance. In some 
cases, other secondary signs (including renal vein invasion, 
inferior vena cava invasion, and liver metastasis) may be the 
only findings suggestive of carcinoma. 
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Book Review 





The Use of Transrectal Ultrasound in the Diagnosis and Management of Prostate Cancer. Edited by Fred Lee 
and Richard D. McLeary. New York: Alan R. Liss, 223 pp., 1987. $38 


Prostatic carcinoma, the single most prevalent cancer in American 
men, is diagnosed annually more than all other urinary tract neo- 
plasms combined. Statistics from the National Cancer Institute sug- 
gest that prostatic carcinoma was diagnosed in 96,000 men and that 
27,000 men died of it in 1987. A well-founded understanding by 
physicians dealing with this common malignancy is warranted. 

Approximately 30% of men more than 50 years old who are dying 
have latent prostatic carcinoma; however, the annual death rate in 
the United States is only 79 per 100,000 males. Put another way, for 
every patient who will die of the neoplasm, and for every three whose 
prostatic cancer will be diagnosed, about 375 men have latent 
prostatic cancer. 

What, then, is the role for transrectal ultrasound (TRUS) in the 
detection and management of prostatic cancer? Will we simply mostly 
be detecting cancers that never would have mattered in the first 
place? Will we be using medical resources that should be used more 
efficiently for diseases for which an impact is more likely? Although 
at times uneven in style and content, this inexpensive monograph 
tries to bring these questions into focus. The book is the proceedings 
of a conference held in Detroit in September 1986, and it is a helpful 
starting point for radiologists and urologists who perform prostatic 
TRUS. The contributors (nine radiologists, six urologists, two son- 
ographers, two pathologists, and one internist) present the recent 
history of TRUS in the detection and management of prostatic cancer, 
pertinent sonographic physics, prostatic anatomy and pathology, and 
other important issues of prostatic sonography. Pictures and figures 
are generally clear, with understandable labels and pathologic corre- 
lation. However, the widely accepted McNeal model of the gland in 
which CG = central gland, TZ = transitional zone, and PZ = peripheral 
zone is used for many of the figures without reference to this in the 
legends. Practical techniques for performing the examination, sono- 
graphically guided fine-needle aspiration, and TRUS for transperineal 
1251 seed implantation are well described. Pathologic correlation of 
sonographic findings is emphasized. The experience of investigators 


in the United States, the United Kingdom, Germany, and Japan is 
presented. 

Although sensitivity has been high, the low specificity of prostatic 
TRUS limits its value at present in screening for early cancers. How 
to deal with the serendipitously discovered cancers is an important 
question worthy of further discussion. It is perhaps too early to 
identify anything but theoretical benefits of early detection of prostatic 
carcinoma by TRUS. Although carcinomas as small as 3 mm can be 
recognized, tumors less than 10 mm in diameter are low grade and 
rarely metastasize. Size criteria could serve to stratify patients in 
whom suspicious lesions are identified. The potential social costs of 
monitoring asymptomatic prostatic carcinomas, moreover, must be 
weighed and, indeed, could be staggering. The costs of this technol- 
ogy were not addressed and might be an important addition to future 
symposia. 

Ultimately, the not-so-high-tech and inexpensive digital recta! ex- 
amination (DRE), although less sensitive, continues to rival the best 
imaging technologies and must be the gold standard with which 
TRUS and other techniques are compared. Peeling and colleagues 
from the University of Wales reviewed their data for unconfined, 
invasive (T3/T4; stage C) prostatic carcinomas. The accuracies of 
both DRE and TRUS were 96%. Others have shown a degree of 
superiority for sonography. For clinically confined cancers (T1/T2; 
stage B), the accuracy of DRE dropped to 50%, whereas the accuracy 
of TRUS was 93%. 

The purpose of this monograph was to bring together contributions 
from multiple specialties dealing with detection and management of 
prostatic carcinoma. The text of the proceedings will interest anyone 
who wishes to have a better understanding of TRUS and prostatic 
cancer. 


David B. Spring 
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Arteriovenous Malformations of 
the Kidneys: Ablation with Alcohol 





Ablation of renal arteriovenous malformations with absolute alcohol was performed 
in seven patients with massive hematuria. In three patients, total occlusion of the 
malformations was accomplished by ablation of two arterial branches. In the remaining 
four patients, the malformations were partially occluded by ablation of one or two arterial 
branches. In addition to ablation with alcohol, two of the four patients underwent 
subselective embolization with Gelfoam (absorbable gelatin sponge) under epinephrine 
pharmacoangiography, which resulted in the disappearance of the remaining malfor- 
mations. None of the patients had serious complications from ablation with alcohol, 
although dyspnea and headache occurred in one patient with marked arteriovenous 
shunting. During long-term follow-ups, hematuria disappeared in six patients. In the 
remaining patient hematuria recurred but did not require treatment. 

These data suggest that alcohol ablation is useful and safe in the treatment of renal 
arteriovenous malformations. 


Renal arteriovenous fistulas caused by vascular malformations are relatively rare, 
with a reported prevalence of less than 0.04% [1]. Most of these arteriovenous 
malformations (AVMs) are of little clinical importance; however, AVMs causing 
persistent massive hematuria provide a clear indication for therapeutic intervention. 
Transcatheter intraarterial infusion of absolute alcoho! has been used successfully 
in the renal artery in the treatment of renal cell carcinoma [2], angiomyolipoma [3], 
and uncontrolled systemic hypertension [4]. The risks of alcohol infusion include 
major injury to the kidney by direct cellular toxicity [5] and bowel infarction by reflux 
out of the renal artery [6]. However, alcohol is readily available, inexpensive, and 
easy to handle, and it causes permanent occlusion of the artery [2]. We describe 
our experience with alcohol ablation in the treatment of seven patients with renal 
AVMs causing massive hematuria and evaluate the efficacy and safety of this 
technique. 


Materials and Methods 


Between April 1984 and September 1986, seven patients with renal AVMs underwent 
treatment with intraarterial infusion of absolute alcohol. All patients were 28- to 64-year-old 
women, and all had massive hematuria. The malformations involved the right kidney in four 
patients and the left kidney in three. The lesions were 3-6 cm in diameter, as measured on 
angiograms. All AVMs were cirsoid and had more than one arterial feeder. In two patients, 
the AVM recanalized after previous embolization with Gelfoam (absorbable gelatin sponge, 
Upjohn, Kalamazoo, MI). 

By using the Seldinger technique, a 6.5-French polyethylene catheter was first placed in 
the main renal artery to obtain a localizing angiogram. The catheter was than advanced into 
the arterial branch supplying the AVM. If possible, it was wedged into the branch to prevent 
reflux of the alcohol. Before absolute alcohol was slowly injected by hand at a rate of 
approximately 0.1-0.2 ml/sec, a test injection at the same rate was performed with contrast 
material to confirm the absence of reflux. Injections were 2 ml of alcohol in an interlobular 
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branch and 3 ml in a segmental branch. Each injection was followed 
by infusion of 1 ml of saline at the same rate. After 10 min, the 
catheter was slowly withdrawn and aspirated to remove possible 
residual alcohol and debris. Angiography was repeated to evaluate 
the success of ablation. If the AVM was patent, the alcohol was 
injected a second time by using the same technique. If the catheter 
could be introduced into other arterial branches supplying the AVM, 
the branches were also occluded with the same technique. However, 
alcohol was not infused if there were a risk of ablation causing 
impairment of renal function. 

Of the patients in whom AVMs remained unablated after this 
technique, two underwent subselective embolization with Gelfoam to 
completely ablate the AVM: The catheter was placed in a segmental 
artery that supplied branches of the AVM. A test injection was 
performed with contrast material after intraarterial infusion of 3 ug of 
epinephrine. Then, 10 to 20 pieces of approximately 2- by 3-mm 
Gelfoam were infused. Finally, the catheter was placed in the main 
renal artery for postembolization angiography. 

The patients were followed for 12-40 months to determine the 
presence of gross hematuria or delayed complications. 


Results 


Ablation of the branch supplying the AVM was easily ac- 
complished by one or two infusions of alcohol in all patients. 





TAKEBAYASHI ET AL. 


AJR:150, March 1988 


Total occlusion of the AVM by alcohol was accomplished in 
three patients: Two patients underwent alcohol ablation of 
one interlobular branch and one segmental branch, and one 
patient underwent ablation of two interlobular branches. Par- 
tial occlusion of the AVM by alcohol was accomplished in the 
other four patients: Three patients underwent ablation of two 
interlobular branches and one patient underwent ablation of 
one interlobular branch. In these patients, other branches 
supplying the AVM could not be ablated with alcohol because 
of the risk of impairing renal function. In two of the four, no 
further treatment was attempted because one patient had 
severe atrial fibrillation and the other was elderly. In the 
remaining two patients, ablation of the remaining AVM was 
achieved by subselective embolization with Gelfoam under 
epinephrine pharmacoangiography (Fig. 1). 

No serious complications occurred in ablation of the AVM 
with alcohol. However, in one patient who had marked arte- 
riovenous shunting (Fig. 2), dyspnea followed by headache 
occurred immediately after infusion of 2 ml of alcohol into an 
interlobular arterial branch. The symptoms were severe and 
lasted for 3 min. The patient did well and no abnormality was 
revealed on either a lung perfusion scintigram or CT scan of 
the head. In another case, the function of the kidney was 


Fig. 1.—40-year-old woman with 
massive gross hematuria. 

A, Right renal arteriogram shows 
large, cirsoid arteriovenous malforma- 
tion (AVM) extending to upper and 
lower poles. 

B, Selective angiogram through 
catheter in segmental artery shows 
several vessels feeding AVM. Single 
injection of 3 mi of alcohol ablated the 
branch. 

C, Selective arteriogram through 
catheter placed in another segmental 
artery shows other AVMs (arrows). Be- 
cause ablation of this branch with al- 
cohol may have led to impaired renal 
function, subselective embolization 
with Gelfoam was carried out under 
epinephrine pharmacoangiography. 

D, Postembolization angiogram. Re- 
maining AVMs have disappeared, and 
hematuria has resolved. Gross hema- 
turia recurred 2 years later, but was 
mild and required no treatment. 
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Fig. 2.—28-year-old woman with 
massive gross hematuria from recan- 
alized arteriovenous malformation 
(AVM) 1 year after embolization with 
Gelfoam. 

A, Right renal arteriogram shows two 
AVM masses in upper pole. Scar is from 
previous embolization (arrow). 

B, Digital subtraction angiogram 
through catheter placed in interiobular 
arterial branch shows opacification of 
medial AVM. No reflux of injected con- 
trast material was observed. Single in- 
jection of 2 mi of alcohol ablated the 
branch. 

C, Selective angiogram through 
catheter placed in another interlobular 
feeding vessel shows laterally located 
AVM with marked arteriovenous shunt- 
ing. After single, slow injection of 2 ml 
of alcohol, severe dyspnea occurred, 
followed by headache. 

D, Postembolization arteriogram 
shows complete ablation of AVM. 


markedly impaired by ablation of the proximal segmental 
arteries from reflux of Gelfoam. 

Gross hematuria disappeared in all patients after treatment. 
In follow-up periods of 12-40 months, the hematuria resolved 
in six patients. In the other patient, the hematuria recurred 2 
years later but did not require treatment. Delayed complica- 
tions, such as hypertension, were not observed. 


Discussion 


Renal AVMs with multiple feeding vessels have been 
treated successfully by subselective embolization with Gel- 
foam [7]. Gelfoam is almost selectively transported to the 
AVM by a siphoning effect [8], and the injection of Gelfoam 
under epinephrine pharmacoangiography is more effective 
[9]. However, ablation with a permanent occlusive agent is 
desirable because the AVM occluded with Gelfoam is usually 
recanalized with recurrent massive hematuria. 

Either steel coils or detachable balloons are effective for 
closure of traumatic renal arteriovenous fistulas [10]. In treat- 
ing an AVM, the core of the lesion itself must be obliterated. 
However, these agents alone are not suitable for occlusion of 
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an AVM because they lodge proximally. Proximal occlusion 
of the feeding arteries accomplishes little, because collateral 
vessels develop and continue to feed the lesion [11]. 

The use of alcohol for ablation of renal AVMs has several 
advantages over other embolic agents. It is inexpensive and 
easy to handle, and it causes complete and permanent abla- 
tion [2]. Furthermore, alcohol, a liquid material, can alone 
obliterate the core of the AVM [11]. Selective infusion of 
alcohol into an AVM with marked arteriovenous shunting may 
Cause dyspnea and headache, because less-diluted alcohol 
reaches the lungs and the brain. However, the small dose of 
alcohol that we used for ablation causes little tissue damage, 
because dilution of alcohol below 50% eliminates its toxicity 
[4]. In order to avoid this reaction, the alcohol should be 
injected slowly, at a rate of less than 0.2 ml/sec while the 
catheter is being placed selectively in the feeding vessel. 

When alcohol is injected slowly at a rate of 0.1 mi/sec, 
vessel occlusion is produced by clumps of damaged erythro- 
cytes and denatured protein that become trapped in small 
arteries [2]. This slow-injection technique is preferred in the 
treatment of benign conditions, such as AVMs, because it 
causes less damage to the glomeruli [5]. 
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The balloon occlusion technique has been recommended 
in renal ablation with alcohol to prevent reflux of alcohol. 
Earthman et al. [3] found that a 5-French Swan-Ganz catheter 
is useful in subselective infusion of alcohol to ablate renal 
angiomyolipomas. However, selective catheterization of small 
renal arterial branches with the Swan-Ganz catheter is tech- 
nically difficult because the catheter lacks torque control. We 
used a 6.5-French torque catheter without a balloon for 
selective infusion of alcohol, because it was easily controlled 
and large enough to be wedged into a renal arterial branch to 
prevent reflux of alcohol. In our series, there was no reflux of 
alcohol when a dose of 2-3 ml of alcohol was slowly injected 
through the catheter into the small branches. However, if 
available, a polyethylene balloon catheter, which can be 
shaped and has torque control, is even better for prevention 
of reflux. 

When treating AVMs, which are benign, preserving normal! 
renal parenchyma and minimizing complications are essential. 
Since it is not feasible technically for the catheter to be placed 
selectively in every branch, alcohol ablation cannot accom- 
plish total occlusion of the lesion. Because of this, subselec- 
tive embolization with Gelfoam is useful to completely occlude 
the remaining AVM. However, it is difficult to judge the dose 
of Gelfoam needed for this technique, and infusion of excess 
Gelfoam causes unintended ablation of the branch with re- 
sulting impairment of function of the kidney. Moreover, the 
lesions ablated with Gelfoam are usually recanalized. Even 
partial occlusion of the AVM with alcohol successfully pre- 
vents hematuria, which requires long-term treatment. There- 
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fore, alcohol ablation alone is sufficient for the initial treatment 
of AVMs. 
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CT Diagnosis of Circumcaval Ureter 





Variability in the normal course of the ureter makes it difficult to differentiate a normal 
variant from a congenital anomaly or deviation caused by a mass. CT can be useful in 
making this distinction. We present five cases of circumcaval ureter in which contrast- 
enhanced CT, by showing the ureter passing posterior and medial to the inferior vena 
cava (IVC), provided the definitive diagnosis. In addition, we studied the position of the 
inferior vena cava in the midilumbar region in 100 consecutive contrast-enhanced CT 
scans and compared the results with the position of the IVC in our five cases of 
circumcaval ureter plus one case of circumcaval ureter taken from the literature. 
Whereas only 6% of the normal patients had an IVC lateral to the right pedicle of the 
third lumbar vertebra, all of the patients with a circumcaval ureter and the one case in 
the literature had the IVC lateral to the pedicle. Therefore, the finding of a laterally 
placed IVC on CT is suggestive but not pathognomonic of circumcaval ureter. 

Contrast-enhanced CT can be used to prove the diagnosis of circumcaval ureter, and 
lateral placement of the IVC on non-contrast-enhanced CT suggests the diagnosis. 


A circumcaval ureter results from anomalous development of the inferior vena 
cava (IVC) and not from anomalous development of the ureter [1-4]. In circumcaval 
ureter, the ureter crosses posterior to the IVC and then travels around the medial 
border anteriorly to partially encircle the IVC. 

The abnormal position of the ureter results from the anomalous development of 
the infrarenal IVC from the right posterior cardinal vein that is embryologically more 
laterally placed instead of from the supracardinal vein that is embryologically more 
medial. We hypothesize that the IVC might still be lateral in position in adults with 
circumcaval ureters. 

Because contrast-enhanced CT shows the ureter and the IVC simultaneously, it 
can be used to make a definitive diagnosis of circumcaval ureter. CT is also useful 
in evaluating the possibility of persistent lateral placement of the IVC in circumcaval 
ureter. 


Materials and Methods 


Five patients who were being evaluated for various urologic complaints had an IV urogram 
that showed a medial position of the right ureter suggestive of circumcaval ureter; a contrast- 
enhanced CT scan was then performed in each case. In one case, CT scans were performed 
before and after administration of contrast material. Figures 1-4 illustrate four of the cases; 
the fifth case is not shown. 

In addition, 100 consecutive contrast-enhanced CT scans of the abcomen were reviewed, 
and the positions of the right ureter, the IVC, and their relationships to each other and to the 
L3 vertebral body were noted. The IVC was considered to be lateral to the L3 vertebral body 
if more than 50% of the volume of the IVC was lateral to the lateral margin of the right 


pedicle. 
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of circumcaval ureter is likely. 
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Fig. 1.—36-year-old man with intermittent gross and microscopic hematuria. l 
A, Retrograde pyelogram shows right ureter crossing medial to pedicle of L3 and descending 
medial to pedicles of L4 and L5 with minimal hydronephrosis. In the absence of a mass, diagnosis 


B-D, Contrast-enhanced CT scans show right ureter crossing posterior to inferior vena cava 
(B), circumscribing posterior medial aspect of inferior vena cava (arrows) (C), and crossing medial 
anterior to inferior vena cava at L3 (D). 


Fig. 2.—58-year-old man with right flank pain. 
CT scan at level of obstruction shows that dilated 
ureter has a tapered narrowing as it passes 
between right psoas muscle and inferior vena 
cava (arrow). An IV urogram revealed that mod- 
erate right hydronephrosis with a dilated right 
ureter that crossed the pedicle at L3 and was 
not seen distal to obstruction. 


Fig. 3.—CT scan at level of L3 shows right 
ureter passing posterior and medial to inferior 
vena cava (arrow). CT cuts at a lower level 
showed ureter to have a normal course in pelvis. 
An IV urogram revealed a ureter with a medial 
course suggesting circumcaval ureter. 


Results tion at that level it was not seen more distally (Fig. 2). In none 

of the 100 consecutive CT scans did the right ureter go medial 

The ureter passed posterior and medial to the IVC in four to the IVC or to the medial aspect of the right pedicle of the 

of our five cases and in the one previously published case third lumbar vertebra. The right ureter, at this level, did 

[5]. In one of the cases, the ureter entered the notch between approximate the notch between the IVC and the right psoas 
the IVC and the right psoas muscle, but because of obstruc- muscle in 18% of cases. 
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Fig. 4.—58-year-old man with right renal colic. 

A, Plain film of abdomen shows opaque cal- 
culous just medial to pedicle of L3 (arrow). Di- 
agnosis of circumcaval ureter may be suspected 
because of position of calculous medial to ped- 
icle. 

B, IV urogram shows moderate dilatation of 
right pelvocalyceal system and proximal end of 
ureter to level of calculous. Ureter is medial to 
pedicle of L3. 

C, Noncontrast CT scan of abdomen at level 
of L4 shows calcification is medial to inferior 
vena cava (arrow). 

D, Contrast-enhanced CT scan at L3 shows 
dilated proximal end of ureter in caval-psoas 
notch. 

E, CT scan at a lower level shows dilated 
ureter posteromedial to inferior vena cava (ar- 
row). 


The IVC was placed lateral to the right pedicle of the third 
lumbar vertebra in all five patients with circumcaval ureter 
and in the one patient described in the literature [5]. In the 
100 consecutive CT scans at the level of the third lumbar 
vertebra, the IVC is usually located between the center of the 
vertebral body and the lateral aspect of the right pedicle. In 
6% of the patients, the IVC was lateral to the right pedicle. 


Discussion 


Circumcaval ureter has a reported autopsy prevalence of 
about 0.9 in 1000 (one in 1100) with a 2.8:1 male-to-female 
ratio [6]. Symptoms, when present, are related to ureteral 
obstruction, which is a frequent but not inevitable complica- 
tion of circumcaval ureter [7, 8]. In circumcaval ureter, the 
ureter crosses posterior to the IVC and then travels medially 
and anteriorly to partially circumscribe the IVC [9]. 

The findings at IV urography, while suggestive of circum- 
caval ureter, are not diagnostic [9]. Medial deviation of the 
ureter in the lumbar region may be caused by retroperitoneal 
fibrosis, a retroperitoneal mass, or previous surgery, as well 
as by circumcaval ureter. A more definitive test is needed. A 
retrograde pyelogram or IV urogram when done in conjunction 
with an inferior venacavogram has been advocated in the 
past for making the diagnosis. Because the ureter and the 
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IVC often are shown simultaneously on contrast-enhanced 
CT, this procedure can also be diagnostic while avoiding the 
possible complications and expense of an invasive procedure. 

lf the right ureter partially encircles the IVC on CT, the 
diagnosis of circumcaval ureter is proved, because this is the 
definition of circumcaval ureter. If the ureter is posterior to 
the IVC, this finding is diagnostic of retrocaval ureter and 
suggestive of circumcaval ureter. The right ureter often is 
obstructed in circumcaval ureter, frequently lateral to the IVC, 
and therefore the distal portion of the ureter may not be seen 
[9]. In addition, the distal portion fortuitously may not be filled 
with contrast material, owing to peristalsis on the appropriate 
CT sections, in nonobstructive circumcaval ureter. 

The anomalous development of the IVC leading to circum- 
caval ureter may explain the lateral position of the IVC in 
these cases. The IVC develops from the posterior cardinal, 
subcardinal, and supracardinal veins, which undergo sequen- 
tial development, anastomosis, and regression to become the 
inferior vena cava and azygos venous system. Normally, the 
right subcardinal vein forms the prerenal IVC, the subcardinal- 
Supracardinal anastomosis forms the rena! segment, and the 
right supracardinal vein forms the postrenal IVC. The circum- 
caval ureter most likely results when the posterior cardinal 
vein fails to regress and instead forms the postrenal segment 
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of the IVC [1-4]. Some authors and some current textbooks 
state that the circumcaval ureter results when the supracar- 
dinal vein fails to regress [10-13]. The right posterior cardinal 
vein is lateral to both the right subcardinal vein and the 
supracardinal vein [2, 14]. The posterior cardinal vein forms 
the postrenal portion of the IVC in cases of circumcaval ureter, 
so this probably explains the lateral position of the IVC in 
circumcaval ureter. 

Lateral placement of the IVC occurred in 100% (6/6) of the 
cases of circumcaval ureter and in only 6% of the cases 
without circumcaval ureter. Because of the rarity of circum- 
caval ureter (one in 1100), in any individual case in which 
there is lateral placement of the IVC, the likelihood that 
circumcaval ureter is present is increased to approximately 
one in 60. Scoliosis can cause an apparent lateral displace- 
ment of the IVC without the presence of circumcaval ureter. 

Contrast-enhanced CT that shows the ureter circumscrib- 
ing a course posterior and medial to the IVC is diagnostic of 
circumcaval ureter. The finding of lateral placement of the IVC 
is not pathognomonic of circumcaval ureter, but it should 
suggest the possible diagnosis of circumcaval ureter. 
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Case Report 





Vaginally Induced Pneumoperitoneum During Pregnancy 


Ronald S. Gensburg,' W. Gregory Wojcik, and Snehal D. Mehta 


The female genital tract is a known conduit for introduction 
of air into the peritoneal cavity during a variety of sexual and 
athletic activities. However, occurrence of such pneumoperi- 
toneum during pregnancy has not been reported previously. 
We report a case of spontaneous pneumoperitoneum that 
developed during a second-trimester pregnancy after the 
patient's participation in a water sport. 


Case Report 


A 22-year-old gravida 4, para 1, 0-2-1 (16-week menstrual age by 
dates) woman presented to an outlying emergency department after 
right shoulder and chest pain had started suddenly while she was 
doing housework. A chest radiograph showed pneumoperitoneum 
(Fig. 1A). The patient had been in excellent health throughout her life 
and had no history of peptic ulcer disease or surgery. The pregnancy 
was remarkable for at least two episodes of vaginal bleeding caused 
by small placental abruptions that had been documented by a pre- 
vious sonographic examination. Because of the suspicion of perfo- 
rated viscus, the patient was transferred to our institution. 

On arrival, the patient was in no acute distress. Vital signs showed 
pulse rate of 72/min, blood pressure of 132/70 mm Hg, unlabored 
respirations at 16/min, and a temperature of 37.3°C. Physical ex- 
amination revealed a soft, minimally tender abdomen, without guard- 
ing or rebound tenderness. The bowel sounds were normal in pitch 
and slightly hypoactive. Initial laboratory studies showed a WBC 
count of 10,300/mm° and a hemoglobin of 11.2 g/dl. Other laboratory 
examinations, including serum amylase, were unremarkable. 

Because the patient appeared in no distress, she was specifically 
questioned regarding possible benign causes of pneumoperitoneum. 
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She stated that 2 days earlier she had been pulled behind a speedboat 
in an inflated inner tube. She also recalled being thrown off in the 
water without apparent injury. 

The patient was admitted to the surgical intensive care unit for 
observation and administration of prophylactic antibiotics. The WBC 
count peaked at 21,700/mm*® but rapidly decreased to 10,700/mm* 
over serial studies covering 36 hr. Exploratory laparotomy was 
avoided. On the second hospital day, the patient reported feeling 
completely well. An obstetric sonogram showed a single viable fetus 
estimated at 17 weeks menstrual age. Multiple small echogenic foci, 
representing small air bubbles, were seen around the placenta and 
further proved the origin of the patient's pneumoperitoneum (Figs. 
1B and 1C). The patient was released without symptoms on the third 
hospital day. 


Discussion 


Spontaneous pneumoperitoneum, the nontraumatic, non- 
iatrogenic presence of intraperitoneal gas, is usually (>90% 
of cases) an ominous radiographic sign indicating an acute 
condition requiring surgery [1]. The most common etiology is 
visceral perforation caused by peptic ulcer disease [2]. Many 
“benign” causes of pneumoperitoneum have been identified, 
such aS pneumatosis intestinalis, intrathoracic processes 
[3], and even dental extraction [4]. Felson and Wiot called 
this “spontaneous pneumoperitoneum without peritonitis” 
[5]. 

The female genital tract may act as a pathway for gas to 
reach the peritoneal cavity. This is the basis for demonstrating 
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Fig. 1.—A, Initial upright posteroanterior chest radiograph showing 
pneumoperitoneum. 

B and C, Sonographic examination. B, Magnified left parasagittal image 
of uterus showing multiple small echogenic foci (arrowheads) with shad- 
owing representing gas collections; m = myometrium. C, Transverse image 
showing fetal head with large gas collection (arrow) at edge of placenta 


(p). 


tubal patency in Rubin’s test. This mechanism for develop- 
ment of pneumoperitoneum has been described as occurring 
after intercourse, oral-genital insufflation, douching, and ath- 
letic activities (e.g., waterskiing, horseback riding), and in the 
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postpartum period [6]. Our case is unique in that the benign 
pneumoperitoneum occurred during pregnancy. 

It might be expected that the cervical mucus plug and 
gestational products would effectively act as a barrier to the 
passage of air during a viable pregnancy. Recent bleeding in 
our patient may explain the patency of the cervix. According 
to Hamilton and Mossman [7], obliteration of the uterine cavity 
occurs at about 412 months gestation, when the chorion laeve 
fuses with the decidua parietalis. This disrupts the communi- 
cation between the vagina and the peritoneal cavity. During 
the second trimester, the decidua capsularis is undergoing 
atrophy and replacement by chorion laeve, which then comes 
in contact (and eventually fuses) with the decidua parietalis. 
By 16 weeks, at which time this patient presented, this fusion 
is incomplete and thus may allow passage of air from the 
vagina to the peritoneal cavity. 

Our case reiterates that pneumoperitoneum in an otherwise 
healthy individual without peritoneal signs warrants a careful 
search for benign causes, so that unnecessary laparotomy 
can be avoided. Furthermore, pregnancy (at least up to 16 
weeks) does not exclude the benign causes of pneumoperi- 
toneum specific to females in which air enters via the genital 
tract. Sonography, together with physical findings, was helpful 
in verifying the benign etiology in this patient. 
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MR Imaging of the Knee: Preliminary 
Results with a 3DFT GRASS Pulse 
Sequence 





The knees of 17 patients (18 extremities) with possible meniscal, cruciate ligament, 
and articular cartilage abnormalities were examined with a three-dimensional Fourier 
transform (3DFT), gradient-refocused acquisition in a steady state (GRASS) pulse 
sequence. Arthroscopic confirmation was available in all cases and was the standard 
for comparison. Thirteen of these extremities were also examined by using a two- 
dimensional Fourier transform spin-echo pulse sequence with a 2000-msec repetition 
time and 20- and 80-msec echo time. In these 13 cases, both pulse sequences correctly 
identified seven of eight meniscal abnormalities. However, interpretation of the 3DFT 
GRASS images resulted in fewer false-positive meniscal tears (three vs six). Cruciate 
ligament tears were detected more readily on the 3DFT GRASS images (six vs three 
with two possible tears on the spin-echo images). 

These preliminary findings suggest that the overall accuracy of MR imaging of the 
knee could be improved by including 3DFT gradient-refocused pulse sequences. 


MR imaging has been shown to be useful in evaluating the knee. Meniscal 
abnormalities, cruciate and collateral ligamentous injuries, and osteonecrosis of the 
femoral condyles have been detected routinely [1-9]. Harms and Muschler [10] 
reported that three-dimensional Fourier transform (3DFT) data acquisitions provided 
several advantages when compared with conventional two-dimensional Fourier 
transform (2DFT) spin-echo pulse sequences for imaging the knee. Advantages 
included (1) improved signal-to-noise ratio for a given slice thickness and spatial 
resolution, (2) truly contiguous slices, and (3) the ability to obtain isotropic voxels 
enabling the reformation of data in nonorthogonal planes. The major disadvantage 
of 3DFT spin-echo data acquisitions is the prolonged scanning time, ranging up to 
50 min depending on the imaging parameters chosen. 

Recently, several ‘imited-flip-angle, gradient-refocused pulse sequences known 
by acronyms such as FLASH (fast low-angle shot) and GRASS (gradient refocused 
acquisition in a steady state) have been introduced [11, 12]. These pulse sequences 
typically tilt the net magnetic moment vector at at angle of less than 90°. This 
allows the protons to recover more quickly, making possible the use of short 
repetition times. This in turn allows high-resolution images to be generated in as 
little as 3 sec. A 3DFT version of this type of pulse sequence has been available 
for clinical trials at our institution for the past several months. 

The purpose of this study was twofold: (1) to determine if 3DFT limited-flip-angle 
gradient-refocused imaging is accurate in diagnosing abnormalities of the knee 
when compared with arthroscopy and (2) to determine if this pulse sequence 
provides advantages when compared with 2DFT spin-echo pulse sequences in 
detecting these abnormalities. 


Subjects and Methods 


Seventeen patients (18 extremities), 12 men and five women ranging in age from 16 to 61 
years old (mean age, 31 years), who were clinically suspected as having possible internal 
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derangements of the knee, were studied with gradient-refocused MR 
imaging. Arthroscopic confirmation was available in each case. In 
nine cases, the two studies were performed within 24 hr of each 
other, while in the remaining eight cases, the two studies were 
separated by 1-8 days. 

MR imaging was performed on a General Electric Signa system 
(Milwaukee, WI) operating at 1.5 T. A transmit-and-receive extremity 
coil was used in each case. The patients were scanned in the supine 
position with the knees extended and in neutral position. 

GRASS is the version of the limited-flip-angle, gradient-refocused 
pulse sequence available on our imager. By using a 3DFT technique, 
sagittal GRASS images were obtained with the following parameters: 
repetition time (TR) = 60 msec, echo delay (TE) = 16 msec, nominal 
flip angle = 30°. Sixty-four contiguous, 1.2-mm-thick slices were 
acquired by using a 256 x 256 matrix and one excitation. Inplane 
resolution was 0.5 x 0.5 to 0.8 x 0.8 mm, depending on the field of 
view. The actual scanning time was 16.25 min. 

Sagittal 2DFT spin-echo images were also acquired in 13 patients 
(13 extremities) by using the following parameters: TR = 2000 msec, 
TE = 20 and 80 msec. The slices were 5 mm thick with 2.5-mm 
interslice gaps and two excitations. A 128 x 256 matrix was selectec 
with inplane resolution of 0.5 x 0.75 to 0.8 x 1.2 mm. The scanning 
time was approximately 9 min. Four patients (five extremities) who 
underwent 3DFT GRASS MR imaging of the knee did not undergo 
2DFT spin-echo imaging owing to time constraints and/or patient 
fatigue. 

The 3DFT GRASS and 2DFT spin-echo images for each extremity 
were reviewed by three of the authors at separate sessions without 
knowledge of the arthroscopic results. A retrospective approach was 
necessary since diagnostic criteria for evaluating the GRASS images 
were developed as the study progressed. The menisci, cruciate 
ligaments, and articular cartilage were assessed in every case in 
accordance with results published by Reicher et al. [7] and Stoller et 
al. [13]. Menisci were considered torn if a linear area of slightly 
increased signal was seen within the meniscus extending to the 
surface. Horizontal areas of slightly increased signal not communi- 
cating with the surface were considered a sign of degenerative 
change and, while noted, were not interpreted as a tear [6, 7, 13]. 
The cruciate ligaments were considered torn or partially torn if (1) 
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they were not identified, (2) they were in an abnormal position, or (3) 
if they contained areas of abnormally increased signal. Miscellaneous 
abnormalities including loose bodies, joint effusions, and osteone- 
crosis were also noted. Final interpretations were determined by a 
consensus of the three reviewing authors. 


Results 
Normal Anatomy 


The appearance of the knee on GRASS images with the 
parameters outlined above was similar to that of a spin-echo 
pulse sequence with TR = 2000 msec and TE = 20 msec 
(Figs. 1 and 2). Normal menisci are composed of fibrocartilage 
and appeared as uniform, triangular structures of decreased 
signal. Similarly, the cruciate ligaments were identified as 
structures of decreased signal within the intercondylar notch. 
With the knee extended, the posterior cruciate ligament had 
the appearance of a dark cord, while the anterior cruciate 
ligament had slightly higher signal intensity and assumed more 
of a fanlike configuration. The hyaline articular cartilage was 
seen as a uniform band of intermediate signal adjacent to the 
low signal of the cortical bone. Fat had the brightest signal, 
while marrow was isointense to hypointense relative to fat 
depending on the absence or presence of hemopoietic ele- 
ments. 


3DFT GRASS vs 2DFT Spin-Echo Imaging 


The results are summarized in Table 1. In the 13 extremities 
in which both 2DFT spin-echo and 3DFT GRASS images 
were obtained, both pulse sequences correctly identified five 
of six torn menisci and two partial medial meniscectomies. 
However, fewer false-positive tears were identified on the 
3DFT GRASS pulse sequence than on the 2DFT spin-echo 
images (three vs six) (Fig. 3). 





Fig. 1.—Normal medial meniscus and articular cartilage. 
A and B, 2DFT spin-echo images (TR = 2000 msec, TE = 20 [A] and 80 [B] msec, 5 mm thick, two excitations, 16-cm field of view). Anterior and 
posterior horns (arrows) of medial meniscus appear as homogeneous triangles of decreased signal. Articular cartilage is of uniform thickness and appears 
brighter than fibrocartilage of menisci. 
C, 3DFT GRASS image (TR = 60 msec, TE = 16 msec, 30° flip angle, 1.2 mm thick, 16-cm field of view) displays similar findings. Anterior and posterior 
horns of medial meniscus appear as homogeneous triangles of low signal (arrows). Articular cartilage is brighter than meniscus in adjacent bone marrow. 
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Fig. 2.—Normal cruciate ligaments. 
A, 2DFT spin-echo image (TR = 2000 msec, TE = 20 msec, 5 mm thick, two excitations, 16-cm field of view). 

B and C, 3DFT GRASS images (TR = 60 msec, TE = 16 msec, 30° flip angle, 1.2 mm thick, 16-cm field of view). 

In both sequences, anterior cruciate ligament (arrows) is of slightly increased signal relative to posterior cruciate ligament (arrowheads). 


TABLE 1: 3DFT GRASS and 2DFT Spin-Echo Imaging vs 
Arthroscopy of the Knee 





No. of Cases (n = 13) 


Arthroscopy 
Negative 


Arthroscopy 


Location: MR Sequence Positive 


True False True False 
Negative Positive Positive Negative 


Medial meniscus: 


3DFT GRASS 5 tg 6° o 
2DFT spin echo 4 3° 6° 0° 
Lateral meniscus: 
3DFT GRASS 10 1 1 ln 
2DFT spin echo 8 3 1 ig 
Anterior cruciate 
ligament: 
3DFT GRASS 8 0 5 0 
2DFT spin echo 6 2 4° 1 
Posterior cruciate 
ligament: 
3DFT GRASS ir 1' 1 0 
2DFT spin echo 11 7 1 0 


b otee o Te Se ee SS SE ES eee ee ee = 

Note.—3DFT = three-dimensional Fourier transform; GRASS = gradient 
refocused acquisition in the steady state; 2DFT = two-dimensional Fourier 
transform. 

^ Two tears seen by MR were in the posterior horn and could have been 
missed arthroscopically. 

P Includes two partial meniscectomies. 

° Anterior horn tear. 

“Two were possible tears. 

° Two were probably intact. 

‘One case had history of old trauma. 


Cruciate ligament tears were detected more readily by 
3DFT GRASS than by 2DFT spin-echo imaging (six vs three 
with two possible tears on spin-echo imaging). Also, there 
were fewer incorrect interpretations by 3DFT GRASS imaging 
(one vs three false positives and zero vs one false negative) 
(Fig. 4). One false-positive finding by both pulse sequences 
was attributed to old trauma. 
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Cartilaginous abnormalities were detected arthroscopically 
in three of 13 extremities. Only one cartilaginous abnormality 
was detected on GRASS imaging, while all three cases were 
thought to be normal on spin-echo images. 

In the four cases (five extremities) in which only GRASS 
images were obtained, one additional medial meniscal tear, 
one anterior cruciate ligament tear, and three cartilaginous 
abnormalities were identified correctly. The cartilaginous de- 
fects were seen as focal areas of decreased signal when 
compared with the adjacent normal articular cartilage (Fig. 5). 
A medial meniscus was incorrectly considered torn. 

For the 17 patients (18 extremities) studied in this series, 
GRASS imaging correctly identified six meniscal tears and 
two medial meniscectomies, with four false-positive findings 
and one false-negative interpretation. Cruciate ligament tears 
were correctly identified in six cases, with one false-positive 
finding. Of six cases with arthroscopically proved cartilaginous 
abnormalities, defects were correctly identified on GRASS 
images in four studies. 

The one case of osteonecrosis in our series was correctly 
identified on all pulse sequences (Fig. 5). Loose bodies were 
questioned in three cases on GRASS images, only one of 
which was confirmed arthroscopically. 


Discussion 


While MR imaging has been shown to be valuable in the 
assessment of internal derangements of the knee, the best 
scanning sequences are still evolving [1-10]. Recent technica! 
advances (that is, 3DFT gradient-refocused pulse sequences) 
have resulted in the ability to produce thin, truly contiguous 
magnetic images. Conceivably this could improve the accu- 
racy of MR studies by reducing errors associated with volume 
averaging created by thick slices and large interslice gaps. 

In our preliminary series, 3DFT GRASS imaging was as 
sensitive as 2DFT spin-echo imaging in detecting meniscal 
abnormalities, with both pulse sequences correctly identifying 
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Fig. 3.—MR images of knee of 61-year-old 
man with arthroscopically confirmed tear in pos- 
terior horn of medial meniscus. Both 2DFT spin- 
echo (TR = 2000 msec, TE = 20 msec) (A) and 
3DFT GRASS (B) images show disruption of pos- 













terior horn of medial meniscus (arrows). 


Fig. 4.—MR images of knee of 49-year-old woman with torn anterior cruciate ligament. 
A and B, 2DFT spin-echo images (TR = 2000 msec, TE = 20 [A] and 80 msec [B], 5 mm thick, two excitations, 16-cm field of view) show soft tissue in 
expected region of anterior cruciate ligament. On these images, anterior cruciate ligament was interpreted as being probably intact, although partial tear 


could not be excluded. 


C, 3DFT GRASS images (TR = 60 msec, TE = 16 msec, 30° flip angle, 1.2 mm thick, 16-cm field of view) show residual ligamentous tissue of anterior 


cruciate (arrow), but no attachment to femur. 


Complete tear of anterior cruciate ligament was confirmed arthroscopically. 


five of six torn menisci and two meniscectomies. The one 
false negative in both series was a small tear located in the 
anterior horn of the lateral meniscus. This was clearly seen 
at arthroscopy. Even in retrospect, this lesion could not be 
identified by MR imaging. 

Six meniscal tears were false positive on spin-echo pulse 
sequences, and three were false positive with GRASS imag- 
ing when compared with arthroscopy. Two of the three pos- 
sible tears detected on the 3DFT GRASS pulse sequences 
were located in the posterior horn of the medial meniscus and 
were also incorrectly identified as tears on the 2DFT spin- 


echo images. Other studies comparing MR imaging and ar- 
throscopy have reported similar findings [6, 7, 14]. Reicher et 
al. [7] reported identifying 32 tears of the posterior horn of 
the medial meniscus in 130 patients, five of which were 
considered false positive when compared with arthroscopy. 
Citing other studies [15-18], which reported the accuracy of 
arthroscopy in detecting posterior horn medial meniscal tears 
to range from 39 to 95%, Reicher et al. questioned whether 
at least three of the five false-positive studies in fact repre- 
sented arthroscopic misses. On review of the MR images in 
our study, the arthroscopist conceded that meniscal tears 
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Fig. 5.—MR image of knee of 33-year-old 
woman with ulcerative colitis on steroids. Osteo- 
necrosis and osteochondritis dessicans of right 
medial femoral condyle were diagnosed on plain 
films. Sagittal 3DFT GRASS image (TR = 60 
msec, TE = 16 msec, 30° flip angle, 1.2 mm 
thick, 16-cm field of view) shows abnormally 
decreased signal in marrow of medial condyle 
(arrow) (compare with Fig. 1). Normal homoge- 
neous appearance of articular cartilage is dis- 
rupted by focal areas of decreased signal, sug- 
gesting disruption of cartilage (arrowheads). At 
arthroscopy, numerous chondral and osteochon- 
dral fragments were identified. 


could have been missed in the two studies in which both the 
3DFT GRASS and 2DFT spin-echo images identified tears 
located posteriorly in the medial meniscus (Fig. 6). 

Three of the four remaining false-positive meniscal tears 
seen on the spin-echo images were located in the lateral 
meniscus and were interpreted as not representing tears on 
the GRASS pulse sequence. While the three false-positive 
meniscal tears detected only on the 2DFT spin-echo images 
could represent true-positive findings not seen arthroscopi- 
cally or on the GRASS images, they are more likely the result 
of misinterpreting degenerative changes as meniscal tears. 
The thinner 3DFT GRASS slice thickness (1.2 vs 5 mm) may 
have facilitated the distinction between degenerative changes 
and true meniscal tears, in accordance with the criteria estab- 
lished by Reicher et al. [7] and Stoller et al. [13] (Fig. 7). 

A meniscal tear was incorrectly diagnosed in the posterior 
horn of the medial meniscus in one of the three cases in 
which only GRASS images were obtained. In this instance, 
the arthroscopist believed that he would not have missed a 
tear of the size suggested by MR. Beltran et al. [19] noted 
that the decreased signal of the joint capsule was separated 
from the dorsal aspect of the menisci by a band of higher 
signal and that this could be confused with a pathologic 
meniscal separation. In retrospect, what was thought to be a 
separated meniscal fragment on 3DFT GRASS imaging most 
likely represented a prominent joint capsule. A similar al- 
though not as pronounced appearance was noted on the 
contralateral side in the same patient. 

All six cruciate ligament tears were detected on the GRASS 
sequences vs three definite cruciate ligament tears and an- 
other two possible tears on the corresponding spin-echo 
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Fig. 6.—MR images of knee of 16-year-old girl with left knee pain and negative arthroscopy. 3DFT 
GRASS (A) and 2DFT spin-echo (TR = 2000 msec, TE = 20 msec) (B) images both suggest tear 
(arrows) of posterior horn of medial meniscus. After reviewing MR findings, arthroscopist believed 
tear could have been missed during arthroscopy. 


images. In addition, three false-positive tears were seen with 
spin-echo imaging compared with one false-positive tear on 
the GRASS sequence. The one false-positive finding in both 
series was attributed to old trauma. 

Turner et al. [5] reported that six of nine torn cruciate 
ligaments and 38 of 39 normal cruciate ligaments were cor- 
rectly identified by MR. The somewhat poorer accuracy in our 
spin-echo series may be attributed to several technical fac- 
tors. We elected to examine patients with their legs extended 
in a neutral position. This position was chosen so that the 
patient's leg would more easily remain immobile during the 
17-min 3DFT data acquisition. However, externally rotating 
the knee 20-30° and/or flexing at the knee joint have been 
shown to visualize the anterior cruciate ligament better 
[2-4]. The final factor that may have resulted in the poorer 
accuracy on spin-echo images is partial-volume averaging. 
Because of the 5-mm slice thickness and 2.5-cm interslice 
gap used on the 2DFT spin-echo images, the anterior cruciate 
ligament is often not seen in its entirety, making it difficult to 
exclude a tear. The contiguous thin slices available with 3DFT 
imaging, however, allow identification of the entire anterior 
cruciate, facilitating detection of even partial tears. Partial- 
volume averaging on spin-echo images could have resulted 
in both false-positive and false-negative cruciate ligament 
tears (Fig. 4). The posterior cruciate ligament was often better 
seen on spin-echo than on GRASS images, although in no 
instance did this result in an incorrect interpretation on the 
GRASS pulse sequences. 

An insufficient number of cases with documented cartilagi- 
nous abnormalities were examined in our series to draw any 
conclusions about the overall accuracy of 3DFT GRASS 
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Fig. 7.—A and B, 2DFT spin-echo images (TR = 2000 msec, TE = 20 [A] and 80 [B] msec, 5 mm thick, 2.5-mm interslice gap, two excitations 16-cm 
field of view raise possibility of tear in extreme lateral aspect of lateral meniscus posteriorly (arrows). 

C, 3DFT GRASS images (TR = 60 msec, TE = 16 msec, 1.2 mm thick, 30° flip angle, 16-cm field of view) reveal no abnormality. Possible “tear” caused 
by partial-volume averaging on spin-echo images is shown to be meniscocapsular ligament (arrow). No tear was seen arthroscopically. 


imaging and how it would compare with spin-echo imaging in 
detecting cartilaginous lesions. Nonetheless, four of six car- 
tilaginous abnormalities were correctly identified by GRASS 
imaging. The two false-negative cases both had chondroma- 
lacia pateilae arthroscopically. If the axial plane had been 
directly imaged or if the 3DFT sagittal data had been refor- 
matted axially, these abnormalities might have been detected. 
Also contributing to the false-negative problem is the lack of 
clearly defined MR standards for the diagnosis of chondro- 
malacia patellae. Buckwalter et al. [20] reported correctly 
identifying 13 of 16 cartilaginous abnormalities by using con- 
tiguous, 5-mm-thick, sagittal and coronal spin-echo images. 
We can reasonably assume that 1.2-mm-thick 3DFT GRASS 
images would have at least comparable accuracy. 

In only one of three cases in which GRASS imaging sug- 
gested loose bodies was there arthroscopic confirmation. In 
the other two cases, the possible loose bodies were located 
either in the suprapatellar bursa or laterally near the popliteal 
tendon. Both of these areas can be difficult to see arthros- 
copically, so it is uncertain whether these cases represent 
true- or false-positive findings. Geniculate vessels, osteo- 
phytes, and occasionally fascial planes surrounded by fat may 
produce an appearance similar to that of loose bodies on 
GRASS images unless care is taken in examining adjacent 
images. 

The 3DFT data acquisition has several advantages over its 
2DFT counterparts: (1) Because 3DFT pulse sequences ex- 
cite an entire volume of tissue, truly contiguous slices are 
obtained, unlike 2DFT pulse sequences, in which cross-talk 


from adjacent slices may occur [21]. (2) Although signal-to- 
noise ratio is dependent on a number of instrumental factors 
including TR, TE, theta, and the number of slices acquired, 
for the 3DFT data acquisition used in our series, the signal- 
to-noise ratio was greater than that expected for a 2DFT 
GRASS image of comparable thickness [22]. The increased 
signal to noise may be used to obtain thinner slices and/or 
better in-plane resolution. (3) Practical limitations on band 
width and gradient output currently limit slice thickness with 
2DFT imaging (but not with 3DFT imaging) to approximately 
3 mm [23, 24]. 

Because of the small voxel size, image reformation in 
multiple orthogonal and oblique planes is possible without 
additional scanning time or repositioning of the patient. This 
would be expected to allow better visualization of the cruciate 
ligaments and possibly better detection of cartilaginous ab- 
normalities. 

The primary disadvantage of 3DFT spin-echo imaging has 
been the long data-acquisition time. However, gradient-refo- 
cused imaging with its short repetition enables the scan to be 
completed within 17 min, making it both a time-saving and 
cost-effective pulse sequence. 

The TR, TE, and flip angle used in this study produce an 
image with T1, T2*, and proton-density information [11]. 
However, by varying the parameters, an image can be ob- 
tained with either more proton-density or more T2* informa- 
tion. This could replicate the “arthrogram” effect seen by 
converting synovial fluid to high signal on T2-weighted spin- 
echo images. Future studies will determine if this will increase 
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the detectability of meniscal tears and cartilaginous abnor- 
malities. 

In conclusion, 3DFT limited-flip-angle gradient-refocused 
imaging appears to be an accurate, time-effective means of 
evaluating the knee. In this series, it compares favorably with 
conventional 2DFT spin-echo imaging in detecting meniscal, 
cruciate, and cartilaginous abnormalities. These preliminary 
findings suggest that the overall accuracy of MR imaging of 
the knee could be improved with the addition of 3DFT gra- 
dient-refocused pulse sequences. With the advent of image 
reformatting and possible adjustment of the imaging param- 
eters, it may well become the pulse sequence of choice for 
evaluating the knee. 
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Diagnosis of Osteomyelitis by MR 
Imaging 





Bone scans are highly sensitive for the diagnosis of acute osteomyelitis, but the 
difficulty of separating bone-marrow processes from soft-tissue disease limits the 
specificity and accuracy. A diagnostic technique capable of distinguishing bone-marrow 
processes from soft-tissue disease would improve the diagnostic accuracy of osteo- 
myelitis. To evaluate the use of MR in the diagnosis of osteomyelitis, MR examinations 
were performed in 35 patients with suspected acute osteomyelitis. Twelve of these 
were proved to have osteomyelitis either by surgery (nine patients) or by clinical follow- 
up (three patients). In the other 23, osteomyelitis was excluded by surgery (12 patients) 
or by the clinical course (11 patients). Evidence of osteomyelitis on MR consisted of 
abnormalities of the bone marrow with decreased signal intensity on the T1-weighted 
images and increased signal intensity on the T2-weighted or short-Tl inversion recovery 
(STIR) images. MR and bone scintigraphy were interpreted by two radiologists who were 
given no clinical information other than to rule out osteomyelitis. The sensitivities of MR 
and static bone scan were 100% for bone-marrow abnormality. Because bone-marrow 
abnormality in osteomyelitis associated with healing fractures was incorrectly diagnosed 
by MR (one case) and bone scintigraphy (two cases), the sensitivities of MR and 
scintigraphy for the diagnosis of osteomyelitis were 92% and 82%, respectively. The 
specificities of MR and scintigraphy were 96% and 65%, respectively (p < .05). The 
overall accuracy for the diagnosis of osteomyelitis was 94% for MR and 71% for bone 
scan (p < .05). 

Because of its ability to separate soft-tissue disease from underlying bone marrow, 
MR may be used to evaluate patients with positive bone scintigraphy to improve the 
specificity and accuracy of diagnosis for osteomyelitis. 


Distinguishing osteomyelitis from soft-tissue infection adjacent to bone is of 
paramount clinical importance. The latter may be treated with local care, a short 
course of antibiotics, and minor surgery. Osteomyelitis is more refractory to 
treatment, and prolonged IV antibiotics and, in some cases, bony debridement are 
required. 

This distinction is made with difficulty by bone scintigraphy. Radionuclide uptake 
associated with cellulitis may simulate uptake in osteomyelitis. Because of poor 
spatial resolution, nuclear medicine techniques may confuse conditions such as 
healing fractures or arthritis with osteomyelitis. Because of its sensitivity to changes 
in fat and water, MR is able to detect bone-marrow processes such as infection 
and should be able to differentiate isolated soft-tissue abnormality from underlying 
marrow involvement. To evaluate MR in the diagnosis of osteomyelitis, we per- 
formed MR scans on 35 consecutive patients who were Clinically suspected to 
have acute osteomyelitis and compared the results with those of bone scintigraphy. 


Materials and Methods 


Thirty-eight MR examinations were performed in 35 consecutive patients who were clinically 
suspected to have acute osteomyelitis. There were 20 males and 15 females ranging in age 
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from 1 to 84 years (mean, 52 years). Fourteen (40%) of the patients 
had diabetes. 

The parts examined were the feet (nine patients), ankles (seven 
patients), tibia (two patients), knees (two patients), pelvis (three 
patients), hips (five patients), spine (two patients), hands (two pa- 
tients), elbows (two patients), and skull (one patient). 

All MR examinations were performed on a Siemens 1.5-T Magne- 
tom. The spin-echo technique was used. Helmholtz surface coils (17 
cm) were used to examine feet, ankles, knees, hands, and elbows; 
in two examinations of the forefoot, the orbit coil was used. The legs 
and skull were examined with a 30-cm head coil. An elliptical surface 
coil was used for spine examinations, and the hip and pelvis were 
examined with the body coil. T1-weighted images were obtained with 
400-450/16 (TR/TE). T2-weighted spin-echo images were obtained 
with 2500/28 in 35 examinations and 3500/70 in three examina- 
tions . To evaluate the use of different pulse sequences, triggered 
gradient-echo fast low-angle shot (FLASH) images were made with 
a flip angle of 30° in two spine examinations. In 11 examinations, 
STIR (short inversion time recovery) with inversion time (Tl) = 100- 
110 and TR/TE 2500/16-28 was performed in addition to spin-echo 
images. Slice thickness ranged from 8 mm in large bones to 3 mm in 
small bones. 

Thirty-three (94%) of the 35 patients having MR studies also had 
scintigraphy. The scintigrams were performed within several hours 
of MR (16 cases), within 1 day (five cases), within 2 days (six cases), 
and within 4 days (four cases). 

Delayed single-phase bone scintigraphy was performed using 20 
mCi (540 MBq) ®Tc methylene diphosphonate given intravenously. 
Images were obtained with a gamma camera. 

Criteria for osteomyelitis on MR were focal abnormal signal inten- 
sity in bone marrow on either T1-weighted (decreased signal intensity) 
or T2-weighted (increased signal intensity) images. Normal uninvolved 
marrow was used as a reference standard. Criteria on bone scintig- 
raphy was focal osseous radionuclide activity not typical of arthritis. 

MR studies and scintigrams were interpreted prospectively by two 
observers in a blinded fashion without knowledge of the results of 
the other study and with no clinical information other than an instruc- 
tion to rule out osteomyelitis. The examinations were evaluated again 
by four observers after the diagnoses were established, and the 
interpretations were compared. The images were studied to compare 
the extent of soft-tissue and bone-marrow abnormality. 

The diagnosis of acute osteomyelitis was confirmed in 12 of the 
35 patients (34%). In nine of these, the diagnoses were established 
by surgery. In the other three, the diagnoses were confirmed Clinically. 
In 12 of the other 23 cases, the absence of osteomyelitis was 
confirmed by surgery. In the other 11, the absence of infection was 
proved Clinically. Follow-up in these patients was for a minimum of 3 
months. 

The sensitivity, specificity, and accuracy of MR and bone scintig- 
raphy for diagnosis of acute osteomyelitis was calculated for the 
patients having either MR or bone scintigraphy. For statistical analysis 
of the relative accuracy of MR and bone scintigraphy, only those 
cases with both MR and bone scintigraphy (performed within 4 days 
of MR) were compared using the Fischer exact test (two-tailed). 


Results 


Patients with osteomyelitis (12 cases) had decreased signal 
intensity in the bone marrow on T1-weighted images that was 
generally equal to that of adjacent muscle; they also had 
increased signal intensity on T2-weighted images, ranging 
from slightly greater to much brighter than that of bone 
marrow and approaching the signal intensity of water (Figs. 
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1 and 2). STIR, performed in five cases that were positive for 
osteomyelitis, showed a dramatic increase in the signal inten- 
sity of bone marrow corresponding to the region of infection. 
Except for the case of Staphylococcus aureus discitis, shown 
in Figure 2, all other cases of osteomyelitis had high signal 
intensity in the soft tissue adjacent to the area of osseous 
infection. 

In all acute cases of osteomyelitis, both MR and bone scans 
showed at least some area of bone-marrow abnormality. In 
cases associated with healing fractures, MR findings were 
negative for osteomyelitis in one case and bone scintigraphy 
findings were negative for osteomyelitis in two cases. 

In seven cases, bone scintigraphy was falsely positive for 
osteomyelitis. In five of these cases, overlying soft-tissue 
activity could not be separated from underlying bone marrow. 
In two additional cases (one of healing fracture and the other 
of erosive enthesitis), diagnoses of osteomyelitis were also 
incorrect. Except for the case of enthesitis, MR showed 
normal bone marrow. Bone scintigraphy performed in dia- 
betics had a particularly high false-positive rate. Five (36%) of 
the fourteen patients with diabetes had bone scintigraphy 
findings that were false positive for osteomyelitis. MR showed 
normal bone marrow with soft-tissue disease or fracture in 
these cases and was correctly interpreted as negative for 
osteomyelitis. Follow-up studies confirmed the absence of 
osteomyelitis in these patients. 

Cellulitis (10 patients without osteomyelitis) and soft-tissue 
disease associated with osteomyelitis had increased signal 
intensity on the T2-weighted image (approaching the intensity 
of water), infiltrating fat and in some cases muscle. On the 
T1-weighted image in those cases with soft-tissue infection 
involving fat, there was decreased signal intensity in fat. Even 
when cellulitis extended to the periosteal tissue, the bone 
marrow showed normal signal intensity in the absence of 
osteomyelitis (Fig. 3). 

Soft-tissue abscesses (four patients) were seen as focal, 
well-defined fluid collections within soft tissue with high signal 
intensity similar to that of water on T2-weighted or STIR 
images. On T1-weighted images, abscesses had signal inten- 
sity ranging from slightly less to slightly greater than that of 
muscle. 

Septic arthritis (four patients) was shown as fluid collections 
within joint spaces with signal intensity similar to that of water 
on the T2-weighted image and less than to slightly greater 
than that of muscle on the T1-weighted image. Unless in- 
volved by osteomyelitis, bone marrow showed normal signal 
intensity (Fig. 4). 

Healed osteomyelitis was examined as a follow-up study in 
one patient after successful treatment of acute osteomyelitis 
and in three other patients who had old healed osteomyelitis 
but who were clinically suspected of having new acute osteo- 
myelitis. Follow-up studies confirmed the absence of osteo- 
myelitis in these patients. MR showed increased signal inten- 
sity on the T1-weighted image and normal signal intensity on 
the T2-weighted image or slightly decreased signal intensity 
on the gradient-echo image (Fig. 2) corresponding to the 
region of healed bone marrow. 

STIR examinations performed in 11 cases provided high 
contrast between normal and diseased bone marrow and soft 
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Fig. 1.—77-year-old woman who developed 
osteomyelitis after steroid injection into a cyst in 
third finger of right hand. 

A, Bone scan shows increased activity in third 
finger of right hand (arrow) centered about distal 
interphalangeal joint. 

B, T1-weighted image (300/16). 3-mm slice 
shows decreased signal intensity (arrow) of 
bone marrow in distal and proximal portion of 
middie and distal phalanges, respectively, of 
third finger. Fusiform soft-tissue swelling with 
decreased signal intensity is seen. 

C, T2-weighted image (2500/70). 3-mm slice 
at a similar level shows fusiform high-signal- 
intensity soft-tissue swelling. There is general- 
ized increased signal intensity of middle phalanx 
and proximal third of distal phalanx of third fin- 
ger. 

D, STIR (short-Tl inversion recovery) image 
(2500/110/16). 3-mm slice shows high signal 
intensity affecting soft tissues and entire middle 
and distal phalanges of third finger. 


tissue. On STIR with an inversion time of 100-110 msec set 
at the crossover time of fat (approximately two-thirds the T1 
of fat), fatty bone marrow and subcutaneous fat appeared 
dark and hematopoietic bone marrow appeared somewhat 
brighter. Muscle also appeared dark but was brighter than 
subcutaneous tissue. Fluid-filled structures (e.g., bladder or 
spinal fluid) appeared very bright. Osteomyelitis and cellulitis 
were depicted as areas of markedly increased signal intensity 
involving bone marrow and soft tissue, respectively. The 
contrast on STIR images between abnormal bone marrow or 
soft-tissue disease and adjacent tissue generally appeared 
greater on STIR images than on spin-echo images. 

The sensitivity, specificity, and accuracy of MR and scintig- 
raphy for the diagnosis of osteomyelitis are shown in Table 
1. The sensitivity of MR and bone scans were comparable, 
but the specificity and accuracy of MR were greater than 
those of scintigraphy (p < .05). 


Discussion 


Osteomyelitis can be difficult to diagnose clinically. Al- 
though nuclear medicine techniques are helpful, their specific- 
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ity may be decreased by the difficulty of differentiating be- 
tween bone-marrow processes and soft-tissue disease [1]. A 
previous investigation compared the prospective accuracy of 
MR with combined bone/gallium studies in the evaluation of 
spinal osteomyelitis and found MR and nuclear medicine 
comparable [2]. The differ ence between our results and those 
of MR imaging of spinal osteomyelitis most likely reflects 
differences in the patient population and the different degree 
of associated or coexisting soft-tissue disease in the two 
groups. In spinal osteomyelitis, most infections are probably 
blood borne and soft-tissue disease will not usually antecede 
infection [3]. In the extremities where soft-tissue infection 
adjacent to bone marrow is more prevalent, this is more apt 
to decrease the specificity of bone scintigraphy in excluding 
osteomyelitis [4]. 

Many of the bone scans that were falsely positive for 
osteomyelitis were performed in diabetics with cellulitis and 
chronic skin ulcers. Periostitis probably coexisted with soft- 
tissue disease in these patients. Still, MR showed normal 
signal intensity of the bone marrow except when osteomyelitis 
was actually present or in other cases of bone marrow disease 
(e.g., metastasis or bony erosion caused by enthesitis). 
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The results of this study in some respects are similar to 
those recently reported by Beltran et al. [4]. In Beltran’s 
experience, and in ours, it does appear that MR can be used 
to separate soft-tissue disease from bone-marrow disease 
and that osteomyelitis and soft-tissue infections appear on 
T2-weighted images as areas of increased signal intensity. 
Our results differ, however, in the relative sensitivity of T1- 
and T2-weighted sequences for the detection of diseased 
bone marrow. In our experience, osteomyelitis involving fatty 
bone marrow is better shown on T1-weighted images. Beltran 
used a less T1-weighted technique (longer TR and TE) than 
we did, and this may explain some of the differences in our 
results. Additionally, in our four cases of abscesses, we did 
not see a halo of decreased signal intensity. 

The findings in osteomyelitis of decreased signal intensity 
in the bone marrow on the T1-weighted image and increased 
signal intensity on the T2-weighted image most likely reflect 
a decrease in the fat of the bone marrow and probably an 
increase in water content within the bone marrow suggested 
by the T2-weighted image. The STIR sequence that sup- 
presses signal from fat showed increased signal in osteomy- 
elitis, indicating an increase in water fraction within the bone 
marrow. Increased water fraction may correspond to hyper- 
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Fig. 2.—39-year-old man with back pain, fe- 
ver, Staphylococcus aureus sepsis, and discitis 
at L3-L4. 

A, T1-weighted image (450/16) shows de- 
creased signal intensity of bone marrow adja- 
cent to L3-L4 disk space (arrow). 

B, T2-weighted image (2500/70) shows near 
isointense bone marrow with subtle speckled 
areas of increased signal intensity adjacent to 
L3-L4 disk (arrow). 

C, Follow-up examination performed 3 months 
after therapy with clinical response. T1-weighted 
image (450/16) shows increased signal intensity 
adjacent to L3-L4 disk as compared with that in 
pretreatment study (arrow), which most likely 
represents increased or regeneration of fat in 
healing areas of bone marrow. There is loss of 
disk height and irregularity of vertebral end 
plates. 

D, Gradient-echo fast low-angle shot (FLASH) 
image with 30° tip angle (TR = approximately 1 
sec, gated to heart rate/TE 13). Slight decreased 
signal intensity in vertebral end plates is seen. 
There is loss of disk height (arrow) with protru- 
sion of high-signal-intensity material into adja- 
cent central vertebral end plates. 


emia or edema. 

In 11 of 12 cases, osteomyelitis was associated with signal 
changes in the adjacent soft tissue. Soft-tissue signal intensity 
changes may be helpful in differentiating osteomyelitis from 
conditions such as metastasis in which soft-tissue involve- 
ment may be minimal. 

An interesting finding in this study was the signal-intensity 
change observed in four cases of healed osteomyelitis. The 
T1-weighted images showed increased signal intensity within 
the bone marrow. The increase in signal intensity on the T1- 
weighted image most likely reflects an increase in fat within a 
portion of the bone marrow and a decrease in the hemato- 
poietic element. 

As evidenced by the healing fracture that was false negative 
for infection on MR and by the findings of other investigators 
[5], it may be difficult to diagnose osteomyelitis with MR in 
patients who have had a previous fracture or surgery [5]. 
Also, the presence of pins or plates in the bone will result in 
artifacts that may make interpretation difficult on MR [6]. 
These artifacts are more severe at higher field strengths, and 
on our 1.5-T system, hip prostheses, pins, screws, and other 
metallic devices result in marked artifacts that often preclude 
evaluation of the adjacent bone marrow. 
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Fig. 3.—86-year-old diabetic woman with cel- 
lulitis of left great toe. 

A, Bone scan (plantar view) shows increased 
activity in left great toe at first metatarsal phal- 
angeal joint (arrow). 

B, T1-weighted image (450/16) of left great 
toe shows normal high-signal-intensity fatty 
bone marrow with low-signal swelling of subcu- 
taneous tissue anterior to first metatarsal phal- 
angeal joint (arrow). 

C, T2-weighted image (2500/70) shows nor- 
mal-signal-intensity bone marrow with high-sig- 
nal-intensity swelling of subcutaneous tissue 
(arrow). 

D, STIR image (2500/100/30) shows normal 
appearance of low-signal-intensity bone marrow 
with high signal intensity in swollen subcuta- 
neous tissue (arrow). 


Fig. 4.—84-year-old woman with Escherichia 
coli septic arthritis of right knee. 

A, Bone scan shows generalized increased 
activity around right knee joint and focal intense 
activity in patella (arrow), prospectively inter- 
preted on bone scan as possible patellar osteo- 
myelitis. 

B, T2-weighted image (sagittal view) shows 
loculated high-signal-intensity effusion in right 
knee joint. Normal intermediate signal intensity 
is seen in bone marrow of patella (arrow), femur, 
and tibia. 


The results of this study indicate that MR is helpful for 
evaluating osteomyelitis and increases the specificity of di- 
agnosis. An important finding was the ability of MR to differ- 
entiate soft-tissue infection from bone-marrow involvement, 
particularly in diabetic patients. In this study, diabetics with 
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chronic skin ulcers and cellulitis had normal-signal-intensity 
bone marrow on MR in the absence of bone-marrow infection. 

In our experience, both T1- and T2-weighted spin-echo 
sequences are usually necessary for evaluating soft-tissue 
infection and osteomyelitis with MR. Generally, soft-tissue 
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TABLE 1: Comparison of MR and Bone Scintigraphy in the 
Diagnosis of Osteomyelitis 





e d å Bone 
Findings MR i 
True positive 11/12 9/11 
True negative 22/23 13/20 
False positive 1/23 7/20 
False negative 1/10 2/10 
Sensitivity 92% 82% 
Specificity 96% 65% 
Accuracy 94% 71% 





Note.—The difference between the specificity of MR and the specificity of bone 
scan was Statistically significant (p < .05), as was the accuracy of MR vs that 
of bone scan (p < .05). 
an = 35. 

e 1=31. 


disease is much better seen with the T2-weighted technique. 
Fatty bone marrow is better evaluated with the T1-weighted 
technique. STIR may be particularly useful for evaluating 
osteomyelitis and soft-tissue infection because STIR provides 
high contrast for both bone marrow and soft tissue. Indeed, 
since in STIR, T1- and T2-weighted contrast are additive, it 
could be possible to perform STIR sequences alone and have 
the sensitivity of a T1-weighted sequence for the fatty bone 
marrow and that of a T2-weighted sequence for the soft 
tissues. This would significantly decrease scan time and thus 
warrants further evaluation. 

It should be cautioned that the bone-marrow findings of 
acute osteomyelitis on MR are nonspecific. Noninfectious 
inflammatory conditions of bone and healing fractures and 
metastases may have signal intensity changes that are similar 
to those seen in osteomyelitis [7, 8]. However, MR findings 
of decreased signal intensity in the bone marrow on the T1- 
weighted image with increased signal intensity on the T2- 
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weighted image, in combination with the appropriate clinical 
setting, should be highly accurate for the diagnosis of osteo- 
myelitis. 

Because of the relatively limited experience thus far, MR 
should not be considered the initial test for osteomyelitis. 
Rather, we recommend that bone scintigraphy be performed 
because, if scintigraphy is negative, then osteomyelitis can 
be excluded with reasonable accuracy. If bone scintigraohy 
is positive and there is clinical evidence of soft-tissue disease, 
then MR demonstration of abnormal bone marrow will confirm 
the diagnosis of osteomyelitis. Conversely, if MR shows 
normal bone marrow and coexisting soft-tissue disease, then 
osteomyelitis should be excluded. 


ACKNOWLEDGMENTS 


The authors thank Jeanette Hengy for manuscript preparation, Sue 
Higman, Phyllis Hendy, and Tammy Willard for imaging, and Samuel 
Litwin for statistical analysis. 


REFERENCES 


1. Freeman LM. Freeman and Johnson's clinical radionuclide imaging 3rd 
ed., vol. 2. New York: Grune & Stratton, 1984: 1333-1339 

2. Modic MT, Feiglin DH, Piraino DW, et al. Vertebral osteomyelitis: assess- 
ment using MR. Radiology 1985;157:157-166 

3. Kahn DS, Pritzker KPH. The pathophysiology of bone infection. Clin Orthop 
1973;96:12-19 

4. Beltran J, Noto AM, McGhee RB, et al. Infections of the musculoskeletal 
system: high-field-strength MR imaging. Radiology 1987;164:449-454 

5. Berquist TH, Brown M, Fitzgerald R, May G. Magnetic resonance imaging: 
application in musculoskeletal infection. Mag Reson Imag 1985;3:219-23 

6. Modic MT, Pflanze W, Feiglin DH, Belhobek G. Magnetic resonance 
imaging of musculoskeletal infections. Radiol Clin North Am 1986;24:247- 
258 

7. Porter BA, Shields AF, Olson DO. Magnetic resonance imaging of bone 
marrow disorders. Radio! Clin North Am 1986;24: 269-274 

8. Daffner RH, Lupetin AR, Dash N, et al. MR in the detection of malignant 
infiltration of bone marrow. AJR 1986:146:353-358 


Fu-Luk Chan! 
Eric K. W. Ho? 
Edward M. T. Chau’ 


Received August 11, 1987; accepted after revi- 
sion November 5, 1987. 


"Institute of Radiology & Oncology, Department 
of Diagnostic Radiology, Queen Mary Hospital, Pok- 
fulam Rd., Hong Kong. Address reprint requests to 
F.-L. Chan. 


* Department of Orthopedic Surgery, University 
of Hong Kong, Queen Mary Hospital, Hong Kong. 


AJR 150:611-614, March 1988 
0361-803X/88/1503-0611 
© American Roentgen Ray Society 


611 


Spinal Pseudarthrosis 
Complicating Ankylosing 
Spondylitis: Comparison of CT and 
Conventional Tomography 





Pseudarthrosis, a functional false joint, is an important mechanical complication of 
advanced ankylosing spondylitis. For correct determination of prognosis and therapy, 
the presence and extent of the abnormality must be assessed accurately. CT findings 
in 18 patients with 22 pseudarthroses were compared with the results of conventional 
tomography. The condition was confirmed by surgery in nine patients (50%). CT scans 
clearly characterized the pseudarthrosis, providing data not provided by conventional 
tomography in 17 (77%) of the 22 lesions. CT showed irregular diskovertebral osteolysis 
with reactive sclerosis and more frequently detected the vacuum phenomenon and 
paraspinal swellings. In all cases, CT showed either a fracture or mobile facet joints in 
the posterior elements and allowed clear differentiation between the two. In four cases, 
such differentiation was impossible on conventional tomograms. Associated spinal 
stenosis was suspected on conventional tomograms in three lesions, but it was shown 
clearly by CT in 10 lesions. 

Our results suggest that CT offers considerable advantages over conventional to- 
mography in the investigation of spinal pseudarthrosis complicating ankylosing spon- 
dylitis. 


One of the most important complications of ankylosing spondylitis is spinal 
pseudarthrosis caused by chronic progressive diskovertebral osteolysis and re- 
placement by fibrous tissue. Pseudarthrosis is a state of mobile nonunion that 
functions as a false joint. Evaluation of the abnormality is necessary to establish 
the diagnosis and to assess the extent and severity of the condition. It has been 
studied by conventional radiography [1, 2], scintigraphy [3], and specimen radiog- 
raphy [4]. We obtained CT scans in 18 patients with this abnormality and compared 
the findings with the results of conventional tomography. 


Subjects and Methods 


Eighteen patients (16 men and two women ranging in age from 24 to 70 years; mean age, 
38) who had a total of 22 spinal pseudarthroses associated with long-standing ankylosing 
spondylitis were selected for study. All patients had complete rigidity of the thoracolumbar 
spine, localized back pain, and tenderness on palpation over the pseudarthrosis. In all cases, 
the abnormality was evaluated before surgery by plain films, tomography, and CT. Two 
patients had pseudarthroses at two levels. The most commonly affected segments were 
711-112 (n = 4), T12-L1 (n = 7), and L1-L2 (n = 5). In nine patients, pseudarthrosis was 
confirmed by subsequent surgery and pathologic findings. The diagnosis was established in 
the other patients by a combination of clinical and radiographic findings. A postoperative CT 
evaluation was performed in two patients because of a recurrence of back pain 1 year after 
anterior spinal fusion; both patients were found to have developed a new pseudarthrosis. 

CT was performed on a General Electric 9800 system (Milwaukee, WI) in 17 patients and 
on a General Electric 8800 system in one patient. In seven patients, two CT studies were 
performed. Most patients were examined in the supine position, with tilting of the gantry 
when necessary. Patients with significant kyphosis were scanned in the lateral decubitus 
position. Sequential, unenhanced 3-mm-thick axial CT slices were obtained at 3-mm intervals 
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at the level of the affected interspace and the two adjacent vertebrae. 
The scans were obtained by using a bone algorithm, with a 13-cm 
field of view. Selected scans had additional retrospective reconstruc- 
tion in a standard or soft-tissue algorithm. Reformations were ac- 
quired in the sagittal, coronal, and oblique planes in all cases. 

Localized anteroposterior and lateral plain radiographs of the af- 
fected portion of the spine were obtained at presentation and at 
annual follow-ups. Sagittal and coronal conventional tomograms were 
obtained in the helical mode at 5-mm intervals. 

The CT scans were analyzed by two radiologists independently. 
In all patients the findings were compared with the information 
obtained from plain films and tomograms. Follow-up CT scans, ob- 
tained in five patients preoperatively and in two patients postopera- 
tively, were correlated with previous studies. 


*Results 


CT, plain radiography, and conventional tomography 
showed irregular osteolysis of the end plates and adjacent 
vertebral bodies on each side of the affected disk. Such 
changes were detected equally well by the three techniques, 
although axial CT scans showed the cross-sectional display 
of the osteolysis in detail (Figs. 1 and 2). The sagittal refor- 
matted images were more useful than the axial scans in 
delineating the axial extent of the osteolysis and the axial 
relations of the vertebrae at the level of the pseudarthrosis. 
Various degrees of sclerosis adjacent to the osteolysis were 
observed equally well by the three techniques. 

CT scans identified the vacuum phenomenon in the inter- 
vertebral space in seven cases, only two of which were 
evident on plain radiographs or tomograms. In three cases, 
CT scans showed mild paravertebral soft-tissue swelling that 
had not been observed on plain films or tomograms. 

Associated features were detected in the posterior spinal 
elements of the affected segment with evidence of a mechan- 
ical defect. Either a transverse fracture in the posterior ele- 
ments (n = 15) or a nonankylosed facet joint (n = 5) was 
shown, and the two were easily differentiated on CT scans 
(Fig. 3). Plain films and conventional tomograms failed to 
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detect the posterior element defect in one case and incorrectly 
diagnosed the nature of the posterior defect in four cases. 
These cases were clarified by the CT studies. On axial CT 
scans, a transverse fracture appeared as an irregular, linear 
hairline radiolucency, measuring up to a few millimeters wide, 
usually running in a horizontal direction across the ankylosed 
posterior spinal elements without predilection for any partic- 
ular anatomic structures (Fig. 1). In four cases, the bones 
bordering the transverse fracture were fragmented. Depend- 
ing on the angle of the CT section relative to the plane of the 
transverse fracture, such fractures were difficult to diagnose 
on axial scans alone in five lesions. In these cases, the 
transverse fracture was evident on oblique coronal reformat- 
ted images (Fig. 4). Hypertrophy and sclerosis were present 
in the related posterior bony elements to various degrees in 
10 lesions. CT also detected the vacuum phenomenon in the 
nonankylosed joints in two cases, while conventional tomog- 
raphy did not. 

Assessment of the spinal canal by the cross-sectional 
display of CT was superior to that by either plain films or 
tomograms. Encroachment on the spinal canal at the pseud- 
arthrotic segment was suspected on conventional tomograms 
in three cases, but it was diagnosed by CT in 10 cases. The 
axial CT scans together with the reformatted images clearly 
assessed the presence, nature, and severity of the spinal 
Stenosis. They delineated the causes of the spinal stenosis, 
which included severe acute kyphos (n = 1), posterior osteo- 
phytosis (n = 2), osseous overgrowths at the anterior aspect 
of the transverse fracture of the posterior spinal elements (n 
= 4) (Figs. 5 and 6), free bone fragments (n = 2) (Fig. 7A), 
and ossified ligamentum flavum (n = 1). Subarticular canal 
stenosis from hypertrophic changes of the transverse fracture 
involving the pars interarticularis was observed in one case. 

In five patients who had preoperative follow-up CT scans 
at intervals of 1.5-3 years after the initial study, the disko- 
vertebral osteolysis was not progressive in three, although a 
vacuum phenomenon of the intervertebral disk became evi- 
dent in one. One patient with pseudarthroses at T11-T12 


Fig. 1.—CT scan of 34-year-old man 
with pseudarthrosis at T10-T11 seg- 
ment shows nearly complete osteolysis 
of vertebral body. Well-defined irregu- 
lar transverse fracture (arrowheads) of 
laminae and articular process is evi- 
dent. Slight paravertebral swelling (ar- 
row). 


Fig. 2.—CT scan of T11-T12 seg- 
ment of a 24-year-old man shows 
patchy, circumscribed areas of osteol- 
ysis in vertebral body. Irregular trans- 
verse fracture (arrows) is present 
across ankylosed facet joints, associ- 
ated with marked osteosclerosis of ar- 
ticular processes and laminae. 
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Fig. 3.—CT scan of 70-year-old 
woman with nonankylosed facet joints 
at L1-L2 level shows marked hyper- 
trophic changes around left facet joint, 
leading to narrowing of left posterior 
portion of spinal canal. Slight osteol- 
ysis is noticed in vertebral body (ar- 
row). 


Fig. 4.—Coronal reformation of an- 
kylosed posterior spinal elements of 
T11-T12 segment of a man with spinal 
pseudarthrosis clearly delineates com- 
plete transverse fracture (arrowheads) 
seen poorly on transaxial scans. 


Fig. 5.—CT scan of pseudarthrosis 
at L2-L3 segment shows diffuse nar- 
rowing of spinal canal caused by thick- 
ening of bones around transverse frac- 
ture. Vacuum phenomenon in the form 
of areas of gas density (arrowheads) is 
present on fragmented parts of trans- 
verse fracture, suggesting mechanical 
instability. 


Fig. 6.—Sagittal reformation of 
spinal pseudarthrosis at T11-T12 level 
shows extent and axial relations of ver- 
tebral body osteolysis and posterior 
transverse fracture (arrows). Osteo- 
phytes on anterior aspect of transverse 
fracture are causing focal spinal ste- 
nosis. 


and L3-L4 had spontaneous ankylosis at the lower lesion, 
whereas the upper one showed progressive deterioration 
owing to diskovertebral osteolysis. Follow-up in another pa- 
tient showed widening of the transverse fracture of the pos- 
terior elements and progressive diskovertebral osteolysis. In 
two cases, the osseous overgrowths at the anterior aspect 
of the transverse fracture of the posterior elements became 
larger. 

Postoperative CT studies in two patients in whom symp- 
toms recurred after an initial good response to anterior spinal 
fusion showed ankylosis at the operated segments, whereas 
new pseudarthroses appeared at one or two segments caudal 
to the initial lesions. In one patient, only a transverse fracture 
of the posterior elements was detected at the new lesion 
before the development of diskovertebral osteolysis (Fig. 7B). 


Discussion 


CT has been used to evaluate various components of 
ankylosing spondylitis including sacroiliitis [5], apophyseal 
changes [6], associated muscle atrophy [7], spinal fractures 
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[8], cauda equina syndrome with dural ectasia and subarach- 
noid diverticuli [9], ossification of the posterior longitudinal 
ligament [10], and spinal stenosis [11]. To the best of our 
knowledge, no other report discusses CT findings in a rela- 
tively large group of patients with pseudarthrosis complicating 
this disease. 

Among the different types of erosive diskovertebral lesions 
that occur in long-standing ankylosing spondylitis, pseudar- 
throsis is the most important biomechanical complication. It 
is painful and progressive, sometimes is associated with 
neurologic sequelae, and often requires surgery. In patients 
with spinal pseudarthrosis, the essential radiographic feature 
is diskovertebral osteolysis, and its evaluation by plain radiog- 
raphy has been described fully in the literature [1, 2]. In 
addition, an area of mechanical weakness is present in the 
posterior spinal elements in the form of a transverse fracture 
or nonankylosed facet joints. The differentiation between 
them is important because patients with nonankylosed joints 
frequently have a milder clinical course and better prognosis. 
The mechanical weakness of the posterior elements has also 
been shown to initiate and contribute toward the development 
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of the diskovertebral osteolysis [12]. Changes in the posterior 
elements are difficult to interpret on plain films or tomograms 
because of the abnormal spinal curvature with superimposi- 
tion and the heavily ossified spinal ligaments. These difficulties 
are overcome by CT because of its cross-sectional nature. 

In pseudarthrosis, CT scans clearly locate the diskoverte- 
bral osteolysis in the transverse plane. CT readily diagnoses 
mild paravertebral soft-tissue swelling, which may be reactive 
to the biomechanical derangement. Conversely, plain radiog- 
raphy establishes the spinal-curvature alteration easily, and 
flexion/extension lateral films yield a dynamic estimation of 
the mobility at the abnormal segment. Changes in the poste- 
rior spinal elements are characterized more distinctly on CT 
scans. CT also is more sensitive than conventional radiogra- 
phy in the demonstration of vacuum phenomenon, the emer- 
gence of which may signify mechanical instability [13]. 

The transverse display of the spinal canal that is possible 
with CT also helps determine the presence, location, severity, 
and nature of spinal stenosis. Central-canal stenosis at the 
pseudarthrotic segment may arise from osteophytes, hyper- 
trophic changes, fragmented bony overgrowths, ossified lig- 
aments, vertebral displacement, or severe kyphos deformity. 
Hypertrophic changes at transverse fractures traversing the 
pars interarticularis also may cause stenosis of the subartic- 
ular canals, simulating spondylolysis [14]. Fibrous tissue over- 
growths or granulation associated with pseudarthrosis 
are not seen on CT scans. CT evidence of canal encroach- 
ment warrants closer clinical observation for neurologic com- 
plications and possibly earlier surgery. 

The greater sensitivity of CT in the detection of minor 
changes facilitates follow-up in symptomatic patients to mon- 
itor regression or progression of the pathologic changes. 
Earlier surgical immobilization may be required for docu- 
mented progressive or unstable osteolysis. 

We propose that plain films be used in the initial and short- 
interval follow-up imaging of pseudarthrosis. For further char- 
acterization of the disease, CT should replace conventional 
tomography, because CT offers higher diagnostic yield and 
lower radiation dose. CT may be used at longer intervals for 


AJR:150, March 1988 


Fig. 7.—CT scans of 33-year-old 
man with pseudarthrosis at L1-L2 seg- 
ment. 

A, Preoperative CT scan shows frag- 
mentation in posterior fracture of L1, 
with free bone fragment protruding into 
spinal canal. 

B, 2 years after anterior spinal fusion 
of L1-L2 segment. Sagittal reformation 
of postoperative CT study shows stable 
union at operative site. A new trans- 
verse fracture is observed at inferior 
articular facets of L2 (arrows). Verte- 
bral bodies of L2 and L3 are still pre- 
served. 


evaluating the progress of the disease. It may also be applied 
in the postoperative assessment of the outcome of surgical 
intervention and identification of recurrent pseudarthrosis. 
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Soft-Tissue Sarcomas of the 
Extremities: Comparison of MR and CT 
in Determining the Extent of Disease 





A prospective comparison of the accuracy of MR and CT in determining the anatomic 
extent of disease was carried out in 40 patients who had histologically proved soft- 
tissue sarcomas of the extremities. Tumor resection, performed by using either en bloc 
excision or amputation in all patients, allowed detailed pathologic verification of imaging 
findings. Image analysis included measurement of maximum tumor dimensions, notation 
of tumor position in relation to deep fascia, recording of anatomic compartment and 
individual muscle involvement, and documentation of the spatial relationships between 
tumor, neurovascular structures, underlying bones, and joints. MR and CT were equally 
accurate in measurement of maximal tumor diameter, detection of tumor depth, and 
delineation of tumor, neurovascular, osseous, and articular relationships. Evaluation of 
anatomic compartment and individual muscle involvement was more accurately accom- 
plished with MR imaging; nine (23%) of 40 MR studies showed tumor involvement of 
one or more individual muscles that appeared normal in CT scans. 

These results suggest that MR imaging may be the staging procedure of choice in 
patients with soft-tissue sarcomas of the extremities. 


The radiographic evaluation of primary soft-tissue tumors of the extremities has 
progressed with the development of cross-sectional imaging techniques. Although 
conventional radiography, scintigraphy, and arteriography were at one time stand- 
ard, the introduction of CT allows direct visualization of the tumor and simplifies 
staging [1-6]. For these reasons, CT has become routine in this clinical setting. 
The recognition of the striking soft-tissue contrast resolution offered by MR imaging 
has prompted investigators to reexamine the imaging characteristics of benign and 
malignant tumors of soft-tissue origin and to compare the quality of tumor deline- 
ation by MR and CT [7-9]. Most of these studies have included heterogeneous 
populations of benign and malignant tumors. In many cases, it has not been 
possible to correlate imaging findings with the results of pathologic examinations. 

We conducted a prospective evaluation of MR imaging and CT in 40 patients 
with primary soft-tissue sarcomas of the extremities, focusing not on comparative 
image quality or subjective evaluation of lesion conspicuity but on the accuracy of 
determining the extent of local disease as verified at the time of tumor resection. 


Subjects and Methods 


During the period from February 1986 to June 1987, 134 patients with primary soft-tissue 
sarcoma of an extremity were admitted to our institution for surgical management. Of these 
patients, a subset of 40 was evaluated with both MR and CT before surgical treatment. This 
group included 16 men and 24 women, ranging in age from 3 to 87 years. Tumors arose in 
the thigh in 28 patients, in the leg in eight, in the upper arm in three, and in the forearm in 
one. Thirty-four patients were evaluated at the time of initial clinical presentation; six were 
imaged at the time of a postsurgical tumor recurrence. Twenty-seven patients were imaged 
before biopsy and 13 after incisional biopsy. Tissue diagnoses included liposarcoma (14), 
malignant fibrous histiocytoma (six), tenosynovial sarcoma (four), fibrosarcoma (five), rhab- 
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domyosarcoma (three), neurofibrosarcoma (three), leiomyosarcoma 
(two), unclassified spindle-cell sarcoma (one), hemangiopericytoma 
(one), and extraosseous osteosarcoma (one). No specific criteria were 
used to determine which patients admitted with a suspected diag- 
nosis of soft-tissue sarcoma would undergo both types of imaging 
studies. The demands of clinical scheduling in the radiology depart- 
ment and the operating rooms frequently dictated whether both 
examinations were completed before surgery. MR and CT examina- 
tions for each patient were completed within 14 days of each other. 

Data acquisition and analysis were prospective; only patients with 
histologically confirmed and subsequently resected soft-tissue sar- 
comas were included. It was our intention to determine the relative 
value of MR and CT in preoperative staging of extremity soft-tissue 
sarcomas, not to evaluate the ability of either method to distinguish 
soft-tissue sarcomas from other diseases. 

i MR scans were obtained with a 1.5-T superconducting magnet 

system (General Electric, Milwaukee, WI). T1- and T2-weighted im- 
ages were obtained in all patients by using spin-echo pulse sequences 
with TR/TE combinations of 800-1000/20-25 and 1500-2000/35- 
40, 70-80 (first echo, second echo). All patients were imaged in the 
transaxial plane; 15 patients were also evaluated with coronal plane 
images and six with sagittal plane images. Coronal and sagittal plane 
images were obtained most frequently in patients whose tumors 
arose from tissue near a joint. A whole-body coil was used for 34 
patients; specialized extremity surface coils were used for the re- 
maining six patients. Section thicknesses varied from 5 to 10 mm, 
with interslice gaps of 1-5 mm; thicker slices and wider intervals 
generally were used for patients with very large tumors. Fields of 
view varied with the size of the patient and the body part and with 
the specific receiving coils selected. An image matrix of 256 x 256 
was used in all cases. Two signal acquisitions were standard. 

Twenty-four CT studies were performed by using a General Electric 
9800 CT/T unit. These studies were generated by using rapid- 
sequence scanning with sequential table movement during the IV 
injection of 80-120 ml of 60% iodinated contrast material at a rate of 
1 ml/sec. Five- to 10-mm transaxial sections, contiguous or with 2- 
to 5-mm interslice gaps, were selected. Images were photographed 
by using soft-tissue and bone windows. Sixteen patients underwent 
CT scanning elsewhere, and the technical factors were predictably 
varied. All scans were of good-to-excellent technical quality. 

Each MR and CT study was monitored by one of two radiologists. 
Image analysis was performed by one radiologist. MR and CT scans 
were interpreted separately, and an interval of at least 3 days*was 
allowed to elapse between review of MR and CT scans in any single 
patient. Image analysis was performed without knowledge of subse- 
quent surgical findings. However, the requirement that each clinical 
examination be monitored by a qualified radiologist precluded totally 
blind comparison of MR and CT findings. 

The following information was recorded from MR and CT studies: 
(1) maximum tumor dimension, (2) position of tumor in relation to 
deep fascia, (3) anatomic compartment(s) involved, (4) specific mus- 
cles invaded, (5) relationship of tumor to regional neurovascular 
structures, and (6) relationship of tumor to skeletal and articular 
structures. 

Drawing on the reported experience of other authors [7-12] who 
have described the characteristic MR appearance of primary mus- 
culoskeletal sarcomas, we identified tumors in T1-weighted MR im- 
ages as masses with a signal intensity similar to that of skeletal 
muscle (Fig. 1A). Tumors were identified in T2-weighted images as 
masses with a signal intensity greater than that of either skeletal 
muscle or subcutaneous fat (Fig. 1B). Tumor involvement of a specific 
muscle was suspected when an area of heterogeneous high signal 
intensity was identified within muscle substance with or without 
deformity of normal muscle contour. Homogeneous linear streaks of 
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high signal intensity were thought to represent adjacent edema and 
were not interpreted as representing tumor infiltration. On CT images, 
the presence of intramuscular tumor was reported when a mass of 
heterogeneous density similar to (but often slightly less than) that of 
skeletal muscle altered the attenuation characteristics and/or the 
contour of a muscle (Fig. 1C). Assessment of the spatial relationship 
of tumor to regional neurovascular structures included classification 
of each mass as lying separate from, in contact with and displacing, 
or completely encasing major vessels and associated nerves. Evalu- 
ation of the relation of each tumor to underlying osseous and articular 
structures included a similar classification; tumors were described as 
being separate from, in contact with, or clearly invading bone or joint. 
In MR images, tumors were said to invade adjacent cortical bone 
when irregularity in contour or clear interruption of the cortical signal 
void was noted in both T1- and T2-weighted images (Fig. 2A). Tumor 
invasion of the medullary cavity was identified when low-to-medium 
signal-intensity material replaced normal marrow fat in T1-weighted 
images (Fig. 2A). In CT images, bone invasion was reported when 
lytic cortical destruction or increased medullary attenuation was 
present (Fig. 2B). Joint invasion was described when a soft-tissue 
mass projected into the expected confines of a joint capsule or when 
tumor immediately adjacent to a joint was seen to involve a ligament 
or tendon that ran in an intraarticular location in any part of its course. 
All 40 patients underwent surgical excision of their soft-tissue 
sarcomas after imaging. Thirty-five were treated with wide excisions 
and limb preservation; five were treated with limb amputations. 
Imaging findings were confirmed at the time of surgery and gross 
dissection. Surgeons reported the spatial relationships of tumors to 
regional vessels and nerves and to appropriate skeletal structures 
and recorded the details and extent of muscular resection in one or 
more anatomic compartments. Gross pathologic examination with 
recording of tumor dimensions and macroscopic assessment cf re- 
section boundaries was performed by several different pathologists. 
Histologic diagnoses were made, and detailed microscopic reviews 
of tumor boundaries were performed by a single attending patholo- 
gist, who was aware of imaging findings in some, but not all, cases. 
Correlation between surgical, pathologic, and imaging findings was 
discussed in detail at a weekly multispecialty clinical conference. 


Results 


MR images revealed soft-tissue masses in all 40 cases. CT 
scans showed gross tumor in 37 of 40 patients and showed 
no visible soft-tissue mass in three of 40 cases. At surgical 
exploration, gross tumor was identified in all 40 patients. 

Maximum tumor dimensions as measured in MR images 
ranged from 2 to 28 cm (mean, 10.9 + 7.4). Maximum tumor 
dimensions in CT scans varied from 2 to 30 cm (mean, 11.1 
+ 8.2). Maximum tumor dimensions as recorded at exami- 
nation by a surgical pathologist ranged from 3 to 27 cm 
(mean, 10.2 + 6.8). The differences between CT and patho- 
logic measurements for individual tumors ranged from 0 to 9 
cm (mean, 2.9 + 2.9). The differences between MR and 
pathologic measurements for individual tumors varied from 0 
to 8.5 cm (mean, 2.2 + 2.3). Of the four cases in which MR 
and CT estimates of maximum tumor dimensions varied from 
the diameters recorded at dissection by more than 5 cm, 
three tumors were resected in fragments, and pathology 
measurements were expressed as sums of several diameters. 
Correlation with imaging appearances was inexact. In one of 
these four patients, postbiopsy edema and hematoma ob- 
scured lesion boundaries in both MR and CT images. In the 
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Fig. 1.—A, Transaxial MR image (SE 800/25) of a deeply situated fibrosarcoma (T) in right thigh. Tumor lies in posteromedial compartment of thigh. 
Although tumor is immediately adjacent to femoral cortex, there is no sign of cortical destruction or medullary invasion. Mass extended over a distance 
of 30 cm in posterior thigh and involved sciatic nerve. 

B, Transaxial MR image (SE 2000/80) shows striking contrast between high-signal-intensity tumor (T) and low signal intensity of skeletal muscle. 
Tumor involves thigh adductors and extends into gluteus maximus muscle. 

C, Contrast-enhanced CT scan shows contour abnormality in thigh adductors and gluteal region caused by intramuscular tumor (T). 

D, CT scan photographed at a bone window reveals no femoral destruction by tumor (T). 





A B 


Fig. 2.—A, Transaxial MR image (SE 800/20) of a recurrent leiomyosarcoma (T) of posteromedial compartment of right thigh. Muscles of anterior 
compartment have been resected previously. Signal intensity of tumor is heterogeneous with areas of intense signal, representing hemorrhage and 
necrosis. Tumor invades femoral cortex and medullary space (arrow). 

B, CT scan of recurrent leiomyosarcoma (T) photographed at a bone window shows femoral invasion by adjacent tumor (arrow). 


remaining patients, both MR and CT estimates of maximal whereas 60% equaled or exceeded dimensions recorded by 
tumor diameter were within 3 cm of pathologic measure- an examining pathologist. No statistically significant difference 
ments. Approximately 40% of the imaging measurements was detected in the accuracy of MR and CT measurements 
were smaller than those obtained at gross dissection, of maximal tumor dimensions. 
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Both MR and CT correctly assessed the positions of tumors 
in relation to the deep fascia in every patient. Six tumors lay 
external to deep fascia, and 34 masses lay within deep fascial 
planes. 

More detailed anatomic comparison was carried out in the 
37 patients who were seen to have gross tumor on both MR 
and CT scans. MR images of these patients revealed that 
disease was confined to the anterior compartment of the thigh 
in 10 patients, was restricted to the posterior of the thigh in 
eight, and involved both the anterior and the posterior com- 
partments in 10. CT scans indicated anterior thigh compart- 
ment masses alone in 10 cases, posterior compartment 
masses alone in nine, and bicompartmental disease in nine. 
Surgical findings confirmed MR assessment of compartmental 
involvement within the thigh in all 28 patients; CT assessment 
was incorrect in one patient. 

MR and CT images showed tumor involving the anterior 
compartment of the leg in one patient, the posterior compart- 
ment of the leg in six, and both the anterior and lateral 
compartments of the leg in one. Surgical findings verified the 
accuracy of compartmental evaluation by both MR and CT 
scans in these eight cases. 

MR and CT scans both revealed periscapular disease in 
one patient. However, MR images also showed tumor within 
the lateral chest wall musculature, whereas CT images 
showed tumor in the infraspinatus region only. Surgical explo- 
ration verified the presence of the more extensive disease as 
noted in the MR scans. 

Of the 34 deeply situated tumors, three involved only one 
muscle as judged by both MR and CT. The remainder invaded 
from two to nine individual muscles. In nine patients, MR 
images revealed the presence of tumor in one or more mus- 
cles that were normal in contour and density in the CT images 
(Figs. 3A and 3B). These patients included three with totally 
negative CT scans and six with CT scans showing involve- 
ment of fewer specific muscles than were abnormal in MR 
images. In two patients, this finding altered the imaging as- 
sessment of single or multiple anatomic compartment dis- 
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ease. Examination of resected specimens confirmed MR find- 
ings. MR images therefore more accurately reflected the 
detailed extent of intramuscular disease in nine (23%) of 40 
patients. In no case did CT evaluation suggest involvement 
of a muscle that appeared normal in MR. 

The relationships of the soft-tissue sarcomas to regional 
neurovascular structures are summarized in Table 1. MR 
assessment of this relationship was correct in all cases. CT 
assessment was correct for all but the three patients whose 
small isodense tumors caused no skeletal muscle deformity 
and therefore were undetected. 

The relationships of the soft-tissue tumors to the bones of 
the affected extremities are summarized in Table 2. Bone 
invasion was detected in five patients by both MR and CT 
and was documented at surgery in six cases. The single 
patient whose MR and CT scans were falsely negative for 


TABLE 1: Relationship of Tumor to Neurovascular Structures 





No. of Cases 
Finding 
MR CT Pathology 
Separated by normal tissue 24 22 24 
Tumor contacts NVB* 1 1 1 
Tumor displaces NVB 6 6 6 
Tumor encases NVB 9 8 9 
No macroscopic tumor visible 0 3 0 


Se EE SS Ee: E E es Se e 
a NVB = neurovascular bundle. 


TABLE 2: Relationship of Tumor to Bone 
Sane  - SE, SEE EEE EEE E E T Oe ES E E S E 


No. of Cases 
Finding 
MR CT Pathology 
Separated by normal tissue 19 12 15 
Tumor contacts bone 20 20 19 
Tumor invades bone 5 5 6 
No macroscopic tumor visible 0 3 0 








Fig. 3.—A, Transaxial MR image (SE 2000/80) of extraosseous osteosarcoma (T) of right thigh. Tumor involves vastus medialis and intermedius 
muscles, and satellite nodules are present in vastus lateralis muscle (arrows). Superficial femoral vessels are separated from tumor by normal tissue. 
Femoral cortex immediately abuts tumor, but there is no bone invasion. 

B, CT scan shows involvement of vastus medialis and intermedius muscles with tumor (T). However, vastus lateralis muscle appears normal in contour 
and density. CT findings underestimated local extent of disease. 
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bone invasion was found at pathologic evaluation to have 
microscopic infiltration of the scapular medullary cavity. 

The relationships of tumors to joints are summarized in 
Table 3. MR images correctly assessed the presence or 
absence of joint invasion in all patients with macroscopic 
disease (Fig. 4). CT correctly assessed the presence or 
absence of joint involvement in all but the three previously 
mentioned patients whose macroscopic tumors produced no 
anatomic abnormalities in CT images. 


Discussion 


The population described in this report includes only pa- 
tients with histologically documented and subsequently re- 
sected soft-tissue sarcomas. Within the past 2 years, several 
authors have published studies comparing MR and CT in the 
evaluation of primary musculoskeletal tumors [1-12]. Most of 


TABLE 3: Relationship of Tumor to Joint 





No. of Cases 
Finding 
MR CT Pathology 
Separated by normal tissue 33 30 33 
Tumor contacts joint 4 4 4 
Tumor invades joint 3 3 3 
No macroscopic tumor visible 0 3 0 








Fig. 4.—Sagittal MR image (SE 800/20) of primary soft-tissue sarcoma 
(T) involving anterior muscular compartment of thigh reveals a fat plane 
(arrows) between tumor pseudocapsule and suprapatellar bursa (b). Femur 
(fe), patella (p), and knee joint compartment have not been invaded by 
large adjacent tumor. 
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these studies have involved heterogeneous populations, in- 
cluding patients with inflammatory, posttraumatic, and pri- 
mary and metastatic neoplastic lesions, and have not provided 
detailed pathologic correlation [7-9]. Petasnick et al. [7] com- 
pared the MR and CT appearances of soft-tissue masses of 
the musculoskeletal system in a group of 35 patients, nine of 
whom had diagnoses of primary extremity soft-tissue sarco- 
mas. Although the local extent of disease was thought to be 
concordant in MR and CT studies for all patients, Petasnick 
et al. [7] concluded that MR was superior to CT in showing 
tumor, neurovascular, and skeletal relationships. This study 
did not include gross pathologic correlation and did not allow 
assessment of the accuracy of either MR or CT in delineation 
of the anatomic extent of disease. Totty et al. [8] reported a 
similar study in which three independent reviewers evaluated * 
the MR delineation of soft-tissue masses in 33 patients. 23 
of whom also had CT scans. MR and CT scans were com- 
pared qualitatively for their clarity of anatomic display in five 
areas: (1) visualization of the mass, (2) contrast with surround- 
ing tissue, (3) tumor margination, (4) local tumor extent, and 
(5) tumor calcification. Concluding that MR was at least as 
good as and possibly better than CT in the delineation of soft- 
tissue masses, these authors remarked that the striking soft- 
tissue contrast resolution of MR facilitated image interpreta- 
tion and emphasized the value of using both T1- and T2- 
weighted scans. Of the 33 masses evaluated, only 10 were 
explored surgically. Detailed verification of the accuracy of 
the imaging findings could not be assessed. Pettersson et al. 
[9] reported comparison of MR with other techniques in a 
group of 176 patients, 48 of whom had soft-tissue sarcomas. 
Although MR was considered to be excellent in determining 
the extent of soft-tissue tumor, no pathologic verification of 
image interpretation was described. 

At present, MR imaging is generally more time-consuming 
and often twice as costly as CT scanning. The dangers of CT 
scanning include the relatively insignificant exposure to ion- 
izing radiation and the possibility of adverse reactions to IV 
contrast agents. Determination which technique—MR or 
CT—best facilitates treatment planning requires verification 
of the accuracy of imaging results by correlation with surgical 
and gross pathologic examinations. 

Preoperative evaluation of our patients involved prediction 
of the feasibility of wide excision with limb salvage or the 
necessity for amputation. En bloc excision of a soft-tissue 
sarcoma was performed in most patients. Surgical goals were 
to minimize the probability of local tumor recurrence and to 
preserve limb function. Collin et al. [13] have defined the 
criteria used at our institution for assessment of the adequacy 
of local tumor resection. Resection margins are considered 
adequate when all gross tumor and a cuff of surrounding 
normal tissue are removed and specimen boundaries are 
microscopically negative. Resection is marginal when all gross 
tumor is removed but microscopic foci of tumor are within 
millimeters of the specimen boundary. Surgical margins are 
considered inadequate when gross tumor remains in place or 
when tumor is visualized or entered during surgery. 

A muscle invaded by tumor is best resected from its point 
of origin to its point of insertion [14]. Although resection of 
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an entire muscular compartment may be performed with a 
surprisingly modest compromise of limb function, preserva- 
tion of uninvolved muscles within a specific anatomic com- 
partment is desirable. These principles emphasize the impor- 
tance of accurate documentation of individual muscle involve- 
ment preoperatively. The subsequent surgical procedure may 
be planned to optimize resection boundaries, and the effect 
of complete tumor resection on limb function may be pre- 
dicted. The value of correct preoperative assessment of neu- 
rovascular, osseous, and articular integrity is clear. 

Quantitative assessment of MR and CT in evaluation of 
local extent of disease is not simple. The use of maximal 
tumor dimension as a parameter for MR, CT, and pathologic 
comparison is convenient if somewhat crude. Edema and 
hematoma after biopsy may obscure true tumor margins in 
MR and CT images. Differences in the locations of MR and 
CT scan planes and in tumor orientation during imaging and 
pathologic examination may exaggerate disparities. In our 
patients, surgical specimens were tagged with identifying 
sutures to alert the examining pathologist to the location of 
the superior, inferior, and deep margins of resection. How- 
ever, irregular lobulated tumor contours may have been al- 
tered when resected specimens were no longer confined 
within fascial planes, and tumor shrinkage may have occurred 
when desiccation accompanied delays in gross pathologic 
dissection. In our experience, MR and CT were equivalent in 
their ability to predict a single maximal tumor diameter. 

MR and CT were equally accurate in the assessment of 
tumor relationships with neurovascular structures. Neither 
study could be used to predict tumor adherence to neurovas- 
cular structures, except in those cases in which complete 
encasement by tumor was identified. 

Both MR and CT correctly assessed tumor relationships to 
bone in all but one case, and both were falsely negative for 
scapular invasion in one instance. Neither could predict peri- 
osteal invasion in the absence of gross bony destruction. In 
the five cases in which bone invasion was detected, plain 
radiographs were also abnormal. Both MR and CT were 
equally and highly accurate in the assessment of articular 
involvement; sagittal and coronal images assisted in joint 
evaluation as observed by other investigators [7-9], but 
transaxial images alone generally allowed adequate periartic- 
ular anatomic display. 

All these factors being equal, does MR in fact possess any 
important advantage over CT in presurgical imaging of pa- 
tients with primary extremity soft-tissue sarcomas? The fact 
that MR images revealed tumor involvement of one or more 
individual muscles that appeared normal on CT scans in 23% 
of our patients constitutes a point of superiority for MR. We 
acknowledge that this impression has been offered in other 
published studies, but the strength of support given to our 
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conclusions by the availability of pathologic verification in all 
cases is important. 

We do not advocate MR as a screening or primary diag- 
nostic study, but we do believe it is an ideal staging procedure 
when surgical therapy is mandated. In addition to providing a 
road map for primary surgery, MR may be helpful in predicting 
a need for development of myocutaneous flaps for wound 
coverage and may assist in planning adjuvant radiation ther- 


apy. 

MR generally can be expected to be equal to and often will 
be superior to CT in the evaluation of soft-tissue sarcomas, 
both in terms of subjective factors such as image quality, 
ease of tumor detection, and clarity of lesion boundaries and 
in terms of real accuracy in reflecting the anatomic extent of 
disease. When a treatment plan includes en bloc wide excision 
with preservation of limb function, we believe MR is the most 
valuable imaging technique for preoperative anatomic staging. 
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Case Report 





Avulsion of the Innominate Artery Associated with Fracture 


of the Sternum 


Yoram Ben-Menachem'? 


The simultaneous occurrence of sternal fractures and inju- 
ries to the innominate artery is usually regarded as coinciden- 
tal [1-3]; however, it is sometimes acknowledged that injuries 
to the ascending aorta and aortic arch are most likely to be 
produced by fractures and dislocations of the anterior chest 
wall, rather than by deceleration [4]. My own experience with 
blunt injuries of the innominate artery indicates that avulsion 
of the innominate artery from the aortic arch might result from 
contact wounding by a transverse fracture of the sternum. 
The purpose of this report is to call attention to the possible 
association between the two injuries and to discuss a pro- 
posed mechanism of injury, since recent evidence suggests 
that the frequency of sternal fractures in seat belt users is 
relatively high [5, 6]. 


Subjects and Methods 


Three patients were injured in head-on automobile collisions, in 
which the patients had not worn seat belts and the vehicles were 
traveling at moderate speeds. All three sustained steering-wheel 
impact and were admitted with transverse sternal fractures and 
innominate artery avulsions. Two of these patients were described 
previously [1, 2], but the possible causal association between the 
sternal and innominate injuries was not realized at the time. The 
possibility that the fractured sternum may directly injure the innomi- 
nate artery was brought up subsequently and was given further 
support with the admission of the third patient. 


Case Report 


A 17-year-old male driver of a sedan was involved in a head-on 
automobile collision. He was not wearing a seat belt and was driving 
at moderate speed. He was admitted in stable condition with blunt 
trauma to the chest. A portable chest film in the emergency room 
revealed a large superior mediastinal hematoma and left hemothorax. 
A lateral chest radiograph was not obtained. The patient was taken 
directly to the angiographic suite, where thoracic aortography re- 
vealed partial avulsion of the innominate artery from the aortic arch 
(Fig. 1). Because of the nature of the vascular injury and the accident 
environment, the patient also was presumed to have suffered a 
transverse fracture of the sternum, and the surgeon was so advised. 
A transverse fracture of the sternum was found at thoracotomy. The 
innominate artery was found to have been partially avulsed from the 
aortic arch and was repaired. The patient recovered without incident. 


Discussion 


Injuries of the innominate artery account for about 9% of 
all major blunt intrathoracic arterial injuries [2, 4]. 

Fractures of the sternum are seen in 8-10% of patients 
with violent blunt trauma to the chest, primarily those who 
are victims of automobile accidents [3, 7]. The frequency of 
sternal fractures in seat belt users is much higher than that 
in those who are unrestrained [5, 6]. Most fractures occur 
within 2 cm of the manubriosternal joint. Patients usually have 
a benign clinical course and recover without incident [7]. 
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Fig. 1.—Arch aortogram shows partial avulsion of innominate artery 
from aorta. There is a false aneurysm at site of injury (arrowhead). Disrup- 
tion of intima and media, of which only distal boundary is seen on aorto- 
gram (arrow), was shown at surgery to have begun at aortoinnominate 
junction. 


However, in a few instances the fractured sternum may injure 
the heart and/or aorta [4]. 

The type of injury associated with a sternal fracture is 
partial avulsion of the innominate artery from the aortic arch 
[1, 2, 7]. In survivors of this injury, only the intima and media 
are disrupted, but there may also be a small adventitial defect 
at any point in the circumference of the artery. The angio- 
graphic presentation is of a false aneurysm originating in the 
innominate artery and sometimes involving the aortic arch as 
well [2, 8]. There may also be a dissection of the innominate 
artery, with occlusion either by the dissertion or by a second 
laceration [2, 9]. 

The presumed wounding mechanism includes a transverse 
fracture of the sternum in a frontal collision, probably but not 
necessarily resulting from the impact of the steering wheel 
[5], with buckling of the fragments inwards at the fracture 
line. 

The fractured sternum usually buckles outward [10], in 
which case it does not produce cardiovascular injury. How- 
ever, if it buckles inward, its upper fragment (hinged on the 
sternoclavicular joints) would move inward and upward and 
would peel the innominate artery from the aorta. The anatomic 
vicinity of the innominate artery and sternum [11] not only 
makes this mechanism highly feasible but also allows for the 
probability of avulsion of the innominate artery from the arch 
by a dislocated manubriosternal joint. Indeed, it is quite pos- 
sible that this mechanism was responsible for innominate 
artery avulsions in published cases in which sternal fractures 
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were not described in the reports [12]. 

The diagnosis of sternal fracture usually can be made on 
the lateral chest film [1, 2]. However, sternocostal disruption 
and fractures with minimal or no displacement at all are often 
missed, and CT is required for their diagnosis [11]. Lateral 
chest radiographs or CT scans of severely injured patients 
with violent blunt trauma to the chest usually are not obtained 
in the emergency room. Therefore, the diagnosis of a sternal 
fracture often is delayed, and the fracture may be discovered 
only during thoracotomy [13]. In the case presented here. the 
angiographic findings led to a presurgical diagnosis of frac- 
tured sternum. 

We are concerned with the association between sternal 
fractures and innominate artery trauma in view of the evidence 
that sternal fractures are more common in seat belt users [5, 
6]. Therefore, the combination of mandatory seat belt use 
and higher speed limits is anticipated to produce higher 
numbers of sternal fractures and, with them, a greater number 
of innominate avulsions. Even when a fractured sternum is 
not present, a certain number of innominate artery lacerations 
may be caused directly by seat belts. 

Although most patients with aortoinnominate injuries have 
significant mediastinal hematomas on admission chest films, 
in some a hematoma will be absent initially [1, 2, 9]. Therefore, 
a high index of suspicion and liberal use of aortography are 
essential in all cases of violent blunt trauma to the chest. 
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Diagnosis of Femoropopliteal 
Venous Thrombosis: Comparison of 
Duplex Sonography and Plethysmography 





Duplex sonography and impedance plethysmography were correlated with contrast 
venography to compare the sensitivity, specificity, and accuracy of the two noninvasive 
techniques for the diagnosis of femoropopliteal venous thrombosis. Sensitivity, specific- 
ity, and accuracy of duplex sonography were 90%, 100%, and 97%, respectively, when 
compared with venography in 32 patients. Sensitivity, specificity, and accuracy of 
plethysmography were 100%, 63%, and 72%, respectively, when compared with ve- 
nography in 25 patients. In 21 patients, plethysmography was either nondiagnostic or 
could not be done because of clinical difficulties. Eighteen of these patients had 
diagnostic duplex examinations. 

Duplex sonography exhibits similar sensitivity but higher specificity than plethysmog- 
raphy. Duplex sonography also permits diagnostic examinations in patients in whom 
diagnostic plethysmography cannot be performed. 


The clinical diagnosis of lower extremity deep venous thrombosis is difficult. 
Physical examination for the evaluation of deep venous thrombosis has been 
shown to be unreliable [1-3]. Contrast venography has remained the standard 
diagnostic method. However, venography is both expensive and invasive. In 
addition, risks are associated with the use of contrast material, including allergy, 
renal dysfunction, and venous thrombosis [4, 5]. Various noninvasive techniques 
for the evaluation of femoropopliteal venous thrombosis have been developed. 
Impedance plethysmography (IPG), one of the most well-established techniques, 
has been widely accepted as a sensitive and cost-effective screening technique 
[6-10]. Other reports, however, have noted serious limitations in the accuracy of 
IPG [11-13]. 

Recently, real-time sonography has been used to evaluate femoropopliteal 
venous thrombosis. These studies have shown high accuracy rates in evaluation 
of femoropopliteal deep venous thrombosis [14-17]. 

We determined the relative sensitivity and specificity of real-time duplex sonog- 
raphy and IPG in the evaluation of femoropopliteal deep venous thrombosis. 


Subjects and Methods 


The study group consisted of patients seen during a 13-month period who were referred 
to the Vascular Laboratory with clinically suspected femoropopliteal venous thrombosis. 
Duplex sonography was performed in 166 patients. One hundred twenty-three of these 
patients had both IPG and duplex sonography. IPG was not performed in 43 patients because 
of technical or clinical difficulties (21 patients) or because the patients were examined after 
hours when vascular technologists were unavailable (22 patients). Correlative contrast 
venography was performed in 32 patients. Twenty-five patients were examined by using all 
three techniques: duplex sonography, IPG, and venography. Correlative venographic studies 
were unsolicited and were obtained only when requested by attending or consulting physi- 
cians. Venography was performed within 48 hr of the noninvasive studies. Venography and 
noninvasive studies were interpreted independently by staff radiologists. Fifty-seven men and 
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109 women (age range, 20-91 years; mean, 59) were examined. 
Forty-one patients were outpatients, and 125 were inpatients. 

Duplex sonography was performed by using a commercially avail- 
able scanner (Diasonics Small Parts, Milpitas, CA) with a 7.5-MHz 
arc-sector imaging transducer and a 3.0-MHz pulsed Doppler. Imag- 
ing of the common femoral and proximal superficial femoral veins 
was performed with the patient in the supine position with the head 
elevated approximately 30°-35°. Imaging of the popliteal region was 
performed with the patient in the prone position, or in the decubitus 
position when patients could not assume a prone position. Veins 
were assessed for the presence or absence of visible intraluminal 
thrombi and compressibility. Duplex study also permitted Doppler 
tracings of the common femoral and popliteal veins. A normal study 
showed the absence of intraluminal thrombi, normal compressibility, 
normal spontaneous phasic common femoral venous signals, and 
appropriate augmentation of the Doppler signal in response to distal 
compression of the calf or thigh. An abnormal examination showed 
echogenic intraluminal thrombi, lack of compressibility, and absent 
Doppler signals. 

The Valsalva maneuver was not performed because of variability 
in the patients’ compliance. Abdominal compression was used to 
assess common femoral reflux. Sonographic evaluation of distal 
thrombosis was not attempted because of poor visualization of the 
calf veins. 

Plethysmography was performed by using a commercially available 
unit (IPG 710, Interscience Corp., Brea, CA). Examinations were 
performed by using the occlusion-cuff technique described by 
Wheeler et al. [18]. Patients were examined while they were lying 
supine with their legs elevated 15°-30°. A pneumatic cuff was applied 
to the mid thigh and inflated to occlude venous return; it was then 
deflated. Changes in blood volume produced changes in impedance, 
which were recorded on a strip. The rise in blood volume and the 
changes in impedance after cuff occlusion were plotted against the 
fall in blood volume during the first 3 min after deflation. The ratio of 
the rise over the fall, called the venous function index, was plotted 
on a graph with a discriminant line. Patients whose venous function 
index values fall above the discriminant line are called normal; those 
whose values fall below the discriminant line are called abnormal. If 
an abnormal result is obtained, up to four repeat examinations are 
performed. If, on repeat examination, the venous function index value 
falls into the normal range, the examination is interpreted as normal. 
lf the venous function index value remains in the abnormal range at 
the end of four repeat examinations, this final result then is interpreted 
as abnormal. 

Venography was performed by using a modification of the tech- 
nique described by Rabinov and Paulin [19]. The patient was placed 
in a semiupright position. A 19- or 21-gauge butterfly needle was 
introduced into one of the dorsal pedal veins, and 150 ml of 40% 
water-soluble contrast medium was injected. Multiple views of the 
calf and thigh were obtained and the patient was returned to a supine 
position. The examined leg was elevated then, and the femoral vein 
was compressed manually. A radiograph of the groin and pelvic area 
was obtained immediately after release of femoral vein compression. 


Results 
Duplex Sonography and Venography 


Real-time duplex sonography was compared with contrast 
venography in 32 patients for the evaluation of femoropopli- 
teal (proximal) deep venous thrombosis. Proximal deep ve- 
nous thrombosis was identified on 10 venograms. One veno- 
gram identified a small distal thrombus within a branch of the 
gastrocnemius vein. 
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Real-time duplex sonography resulted in nine true-positive 
and one false-negative examinations. The single false-nega- 
tive result occurred in a patient with an anatomic variation: a 
proximal division of the popliteal vein into three separate veins 
above the knee and a small nonoccluding thrombus in one of 
the three veins. 

Duplex sonography resulted in 22 true-negative examina- 
tions. There were no false-positive examinations. Sensitivity 
of duplex sonography for femoropopliteal deep venous throm- 
bosis was 90% with a 95% confidence interval (73%, 100%); 
specificity was 100% (87%, 100%); predictive value for neg- 
ative study was 96% (81%, 100%); and accuracy was 97% 
(82%, 100%). 


Impedance Plethysmography and Venography 


IPG was compared with contrast venography in 25 patients. 
Venography showed femoropopliteal deep venous thrombo- 
sis in six of these patients. There were no false-negative 
examinations. There were seven false-positive and six true- 
positive examinations. Sensitivity of IPG for proximal deep 
venous thrombosis was 100% with a 95% confidence interval 
(84%, 100%); specificity was 63% (48%, 81%); and accuracy 
was 72% (50%, 87%). 


Impedance Plethysmography and Duplex Sonography 


In 123 patients, both duplex sonography and IPG were 
performed. There were 16 cases in which both examinations 
were positive, 34 in which IPG was positive and sonography 
was negative, one in which IPG was negative and sonography 
was positive, and 72 in which both were negative. From these 
data, it is apparent that when the two examinations disagree, 
it is more likely that IPG will produce a positive result and 
sonography will produce a negative result. 


Clinical Limitations of IPG 


IPG was attempted in 21 patients but either was nondi- 
agnostic or could not be performed because of technical or 
clinical difficulties. Reasons for not obtaining a diagnostic IPG 
tracing included late pregnancy (one patient), the patient's 
inability to lie flat because of severe congestive heart failure/ 
chronic obstructive pulmonary disease (six patients), interfer- 
ing bandages and metal sutures from recent surgery (seven 
patients), involuntary muscle contractions (six patients), and 
flexion contractures (one patient). Eighteen of these 21 pa- 
tients had diagnostic real-time duplex venous examinations. 


Duplex Doppler Findings 


In 103 of the 106 patients with a normal duplex sonographic 
examination, normal spontaneous phasic venous signals were 
shown in the common femoral vein (Fig. 1). These patients 
also had normal augmentation responses to calf and thigh 
compression. Doppler examinations could not be performed 
in three patients because of the depth of the vein. 

Spontaneous popliteal signals were seen in only seven of 
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Eleven patients had both common femoral and popliteal 
thrombi. In all of these patients, a normal Doppler signal was 
absent, and no augmentation response was seen. 

Five patients had popliteal thrombi only. In three out of the 
five, normal augmentation was absent. Two patients, how- 
ever, showed a normal popliteal augmentation signal above 
the leading edge of the thrombus (Fig. 2). 

Duplex Doppler sonography showed deep venous incom- 
petence (reflux) in five patients. Two of these five patients 
had a history of previous deep venous thrombosis at least 6 
months before the current examination and had no sono- 
graphic evidence of acute intraluminal thrombi. Saphenous, 
femoral, or popliteal deep venous reflux was observed in 
three patients who did not have a well-documented history of 
previous deep venous thrombosis but who did have varicose * 
veins and dermal changes of chronic venous stasis. Venous 
reflux was shown by an abnormal reversed flow in popliteal, 
saphenous, or common femoral veins in response to thigh or 
abdominal compression (Fig. 3). 





Fig. 1.—63-year-old woman with congestive 
heart failure and a 2-month history of bilateral leg 
edema. Duplex sonogram of common femoral vein 
shows normal Doppler tracing. A normal venous 
signal is phasic with respiration. This refers to a 
decrease in venous return and therefore to a de- 
creased signal (arrow) on inspiration, when in- 
traabdominal pressure is increased, and an in- 
creased signal on expiration, when intraabdominal 
pressure is decreased. 


Discussion 


Impedance plethysmography has been widely accepted in 
the evaluation of lower extremity deep venous thrombosis. 
Sensitivities and specificities as high as 95% have been 
reported in the evaluation of femoropopliteal (proximal) deep 
venous thrombosis [6-9]. In this study, the accuracy of IPG 


the 106 patients with a normal sonographic examination. Four 
of these patients had clinical evidence of cellulitis; in all of 
these patients, popliteal and common femoral signals were 


was significantly lower. Although the sensitivity of IPG was 
similar to that in these other studies, specificity was signifi- 
cantly lower relative to venography (63%). 


more pronounced in the affected leg than in the normal leg. Since IPG is an indirect physiologic test that depends on 





B 


Fig. 2.—42-year-old man with a 3-day history of right calf pain and swelling. 

A, Longitudinal sonogram shows leading edge of a noncompressible thrombus (arrows) in distal popliteal vein. 

B, Transverse section shows noncompressible thrombus (straight arrow) within popliteal vein. This thrombus was confirmed on contrast venography. 
Normal popliteal artery (curved arrow) is immediately adjacent to vein. 

C, Duplex examination of popliteal vein. Calf compression in a normal Doppler examination results in increased flow through popliteal vein and therefore 
an increased (augmented) Doppler signal. Cursor is in popliteal vein above thrombus. There is a normal Doppler augmentation signal (arrow) in response 
to calf compression. This is misleading and suggests a normal examination, despite the presence of visible thrombus. 
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Fig. 3.—Longitudinal duplex sonogram of pop- 
liteal vein in 56-year-old man with venographically 
documented popliteal thrombosis 2 years previ- 
ously. Deep venous reflux is shown by reverse 
flow (RFX) above baseline in response to thigh 
compression. In a normal patient, competent 
valves prevent reversal of flow. Reversal of flow 
in this patient implies that these valves are incom- 
petent, a sequela of previous deep venous throm- 
bosis. Normal forward flow below baseline (TR) is 
noted in response to release of thigh compression. 


abnormalities in venous outflow to detect thrombosis, any 
abnormality that alters venous outflow may produce false- 
positive IPG examinations. Such abnormalities include pelvic 
masses, pregnancy, congestive heart failure, chronic obstruc- 
tive pulmonary disease, Baker cysts, massive edema, and 
previous deep venous thrombosis [20]. 

Differences between our results and those of Hull et al. [9] 
may be due to differences in the two populations of patients. 
Seventy-five percent of our patients were inpatients, whereas 
in the study by Hull et al. [9], 75% were outpatients. Of the 
34 patients in this study who had positive IPG and negative 
sonographic examinations, 19 (56%) had underlying clinical 
conditions that may have produced a false-positive result. 
Pelvic masses were observed in three of these patients; two 
had cellulitis and marked edema, and six had previous deep 
venous thrombosis and stasis changes. Baker cysts were 
noted in two patients. Five patients had severe congestive 
heart failure, and one had severe chronic obstructive pulmo- 
nary disease. Patients in our referral group therefore were 
more likely to have underlying clinical conditions that would 
make interpretation of IPG results difficult. 

Real-time duplex sonography, by comparison, is a direct 
imaging technique. Therefore, it is less dependent on physi- 
ologic alterations that may contribute to a false-positive IPG 
examination. 

One limitation of this study is the relatively small number of 
correlative venograms (32 patients). Despite this limitation, 
the sensitivity and specificity of duplex sonography relative to 
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venography is similar to the sensitivity and specificity reported 
in other recent studies [14-17]. 

Sensitivity appears to be comparable for IPG and sonog- 
raphy, whereas specificity seems higher for sonography 
(100% [87%, 100%]) than for IPG (63% [48%, 81%)). 

In evaluating the larger group of patients (n = 123) exam- 
ined by sonography and IPG, it would be expected therefore 
that discrepancies between the findings of IPG and sonogra- 
phy would more likely be cases in which IPG was positive 
and sonography was negative (as was observed). 

Duplex sonographic examinations depend primarily on es- 
tablished real-time criteria for the diagnosis of deep venous 
thrombosis, that is, visualization of echogenic, noncompres- 
sible thrombi [14-17]. In two patients with popliteal thrombi, 
Doppler augmentation signals were normal. Evaluation of 
these two patients by Doppler criteria alone without real-time 
imaging would have resulted in two additional false-negative 
examinations. 

The Doppler component of the duplex examination was 
useful in identifying increased flow in patients with cellulitis 
and reflux in patients with a history of venous thrombosis and 
varicose veins. 

Our inability to obtain spontaneous popliteal Doppler signals 
is due to the limitations of our present equipment. Early 
experience with newer commercially available units (Diason- 
ics, SPA 1000, Milpitas, CA) showed spontaneous popliteal 
Doppler signals in three normal volunteers. 

A broader spectrum of patients can be examined by duplex 
sonography than by IPG. In 18 of 21 patients who could not 
undergo IPG or who had an uninterpretable IPG examination, 
diagnostic duplex sonographic studies were performed. A 
duplex sonographic examination does not require that the 
patient be lying flat as IPG does; therefore, patients with 
severe congestive heart failure or chronic obstructive pulmo- 
nary disease can be examined more easily and without sig- 
nificant discomfort. Motion by the patient is less problematic 
with duplex sonography than with IPG. Examination by duplex 
sonography also takes less time (10-15 min) per examination 
than IPG does (up to 40 min when multiple repetitions are 
required). 

Neither IPG nor duplex sonography is accurate in the 
diagnosis of calf vein thrombi. The risk of developing pulmo- 
nary emboli from isolated distal calf vein thrombi is minimal 
[21]. Calf vein thrombi are clinically important because they 
may extend proximally into the popliteal vein or above. 

Huisman et al. [10] advocate serial IPG examinations for 
the evaluation of deep venous thrombosis. Similarly, repeat 
real-time duplex sonography in high-risk patients whose initial 
examinations are normal may be useful in assessing the 
development of proximal extension of any distal, nonvisual- 
ized calf vein thrombi into the popliteal vein. 

In summary, real-time duplex sonographic examination is a 
superior technique for evaluating femoropopliteal deep ve- 
nous thrombosis. Compared with IPG, duplex sonography 
has a much higher specificity and similar sensitivity. Duplex 
sonography takes less time and can be performed in those 
patients in whom IPG cannot be performed. Duplex sonog- 
raphy is a direct imaging technique and therefore is less 


AJR:150, March 1988 


affected by movement by the patient or physiologic altera- 
tions. Duplex sonography also may show hemodynamic 
changes, such as increased flow from cellulitis and deep 
venous reflux. 
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Videotape Review 





RSNA Today, Vol. 1, No. 1. Oak Brook, IL: The Radiological Society of North America, 1987. $75; by subscription, 
4 issues annually at $225 for RSNA members and $275 for nonmembers 


The Radiological Society of North American (RSNA) recently an- 
nounced the expansion of its educational efforts with the production 
of a new videotape digest series entitled RSNA Today. The RSNA 
has marketed videotapes of refresher courses for several years, and 
it is expected that sales of RSNA Today will soon exceed those of 
their older slide-tape sets. With this new series, the RSNA will further 
tap the teaching potential of video by producing tapes that are both 
entertaining and educational. 

The tapes will not go into subjects in detail but will use multiple, 
short features to emphasize concepts and techniques at the cutting 
edge of radiology. As part of each tape, the American College of 
Radiology will have a short section on contemporary subjects of 
social, economic, or political interest. The first tape, lasting about 55 
min, consists of segments dealing with extracorporeal shock-wave 
lithotripsy (ESWL), breast cancer screening from the scientific as well 
as a political point of view, percutaneous drainage of abscesses, MR 
imaging in relation to examination of the neonate, and a commentary 
on nuclear accidents. Plans are to release four issues per year, at a 
price of $225 for RSNA members. 

The format resembles that of a typical evening news program with 
professional male and female moderators introducing program seg- 
ments that last from about 4 to 12 min. The method of presentation 
varies from the more customary didactic discussion to interviews of 
participants; the cast ranges from well-known radiologists to elected 
politicians who want to ensure that screening mammography is a 
reimbursable examination. 


The brevity of the segments limits in-depth treatment, but much 
educational material still is transmitted. The quality of the production 
is outstanding. One disconcerting feature, however, is the insertion 
between some of the segments of short commercials from several 
well-known radiologic equipment and supply companies. 

| showed the tape to a mixed audience of practicing radiologists, 
students, and residents and solicited their comments. Not surpris- 
ingly, they expressed a variety of opinions: “It looks like a video- 
magazine and is too glitzy.” “Too abbreviated.” “Entertaining.” “Edu- 
cational and stimulating.” Personally, | found the tape quite enjoyable. 
Although it did not contain much new material, it was interesting to 
hear, for example, about the effect of ESWL on radiologic practice at 
the University of Pennsylvania, to gain insight into Dr. Gerzoff's 
approach to abscess drainage, and to have Myron Moskowitz share 
his thoughts about proper indications for mammographic screening. 

The RSNA should be praised for extending its already extensive 
educational activities. Whether this style of presentation, a synoptic, 
video digest, magazine approach to selected topics in radiology, will 
be successful depends on the audience’s preference. Without a 
shadow of doubt, the Neilsen ratings of RSNA Today will reveai all. 
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sonography of the Radial Artery at 
the Wrist 





The radial artery as a superficial structure at the wrist is susceptible both to direct 
penetrating injury and to blunt trauma, with the potential development of both false and 
true aneurysms. This report summarizes the sonographic features of seven consecutive 
patients who were referred for evaluation of the radial artery. The diagnoses include 
two cases of radial artery aneurysm, one tortuous nonaneurysmal artery, two cases of 
arteriovenous fistulae (one surrounded by fluid and one aneurysmal), a ganglion, and 
an inflammatory mass of the wrist. 

Although radial aneurysms are unusual and angiography may be required to define 
the nature and extent of distal embolization to the hand, the nature of a palpable 
aneurysm in this region, vascular vs avascular, is easily and quickly assessed with high- 
resolution sonography. 


At the wrist, the radial artery is a palpable, superficial vessel susceptible to both 
blunt and penetrating injury [1, 2]. True aneurysms are associated with blunt 
trauma from injury to the media [3, 4], whereas false aneurysms are associated 
with penetrating injuries of the arterial wall, which with enlargement, result in 
secondary trophic changes and symptoms related to nerve compression. The 
aneurysms are distinctly uncommon. The literature suggests that wrist angiography 
is the technique of choice for detecting the presence of thrombosis or distal 
embolization and for determining the location and morphology of aneurysms [1]. 
Alternatively, soft-tissue masses in the area need to be distinguished from radial 
artery abnormalities, and sonography is highly regarded in the examination of such 
superficial structures [5, 6]. 

This report summarizes the sonographic features of seven consecutive patients 
referred for evaluation of the radial artery (Fig. 1). Two patients had false aneurysms, 
two had iatrogenic arteriovenous fistulas, one had radial artery tortuosity, and two 
had extravascular lesions. 


Subjects and Methods 


Seven men, ranging in age from 40 to 70 years, had palpable abnormalities of the wrist; 
the abnormality pulsated in five, had a transmitted pulse in one, and had no pulsations in 
another. Each patient had high-resolution 10-MHz real-time sonography of the wrist in both 
longitudinal and transverse planes. The transducer (a mechanical, linear scanner) had a water- 
bath interface (Picker, Microview, Cleveland, OH). Acoustic gel was the coupling agent. 


Results 


Sonography showed a number of abnormalities. In two patients, there were 
pulsatile false radial-artery aneurysms that were subsequently confirmed by an- 
giography (Figs. 2 and 3). In one, there was a tortuous nonaneurysmal radial artery, 
also confirmed by angiography (Fig. 4). In two patients on hemodialysis, there was 
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Fig. 1.—Longitudinal sonogram shows normal 
radial artery. 








A B 


Fig. 2.—Longitudinal sonogram shows small 
fusiform aneurysm of radial artery (arrow). 


Fig. 3.—Longitudinal sonogram shows sac- 
cular radial artery aneurysm (arrow). 


Fig. 4.—A and B, Longitudinal sonograms define what appears in A to be a radial artery aneurysm. More meticulous evaluation (B) defines tortuosity 


rather than aneurysm (arrows along tortuous wall of radial artery). 
C, Angiogram shows tortuous radial artery (arrow). 


one instance of fluid around an iatrogenic arteriovenous fistula 
(Fig. 5) that was subsequently proved to be infected. There 
was also a case of radial aneurysmal dilatation of another 
iatrogenic fistula. 

One of the two patients with a radial artery aneurysm had 
a distinct dilatation of the right radial artery in a fusiform 
configuration (Fig. 2). The other patient had a distinct saccular 
aneurysm emanating from the wall of the radial artery (Fig. 
3). These false aneurysms were well discriminated from the 
proximal normal radial artery (Fig. 1) and had distinct pulsa- 
tions on real-time sonography without any perivascular com- 
ponent. Both of these patients had had previous arterial line 
placement in the area. One of them had developed a periar- 
terial abscess and, subsequent to that, a septic arthritis; the 
other had developed a radial artery aneurysm that produced 
showers of septic emboli to the fingers. 

A third patient who had had a penetrating injury of the 
radial artery had what at first glance appeared to be a radial 


artery aneurysm sonographically, but closer inspection re- 
vealed a markedly tortuous bend of the radial artery; this was 
subsequently confirmed by angiography (Fig. 4). 

Another patient had a palpable mass with a faint pulsation 
clinically at the radial wrist, which on sonography appeared 
to be a tiny ganglion of the flexor tendon sheath next to the 
normal radial artery (Fig. 6) [5]. 

A seventh patient with a nonpulsatile mass in the same 
area was subsequently proved to have coccidioidomycosis, 
a disease process emanating from an adjacent septic arthritis 
and not affecting the radial artery (Fig. 7). These last two 
patients were the only ones who did not have a confirmatory 
angiogram. 


Discussion 


On sonography, the normal radial artery appears as a 
smooth wall tube with a distinct pulsation. An aneurysm of 
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Fig. 5.—Transverse sonogram shows fluid 
(arrow) around an arteriovenous shunt at wrist. 


the radial artery produces a focal expansion, either fusiform 
or saccular, that may or may not contain visible thrombus. 

Arteriography is an expensive, invasive, but appropriate 
method of determining the nature and extent of the involve- 
ment of the radial artery. Angiography is required to define 
the nature and extent of distal embolization to the hand and 
can pinpoint the radial artery as a possible source. 

However, high-resolution real-time sonography, which does 
not require contrast material, is a quick and effective method 
of diagnosing radial abnormalities. High-resolution sonogra- 
phy allows a rapid diagnosis—that is, an aneurysm or tor- 
tuosity vs a mass adjacent to the radial artery—with a trans- 
mitted pulse. 

The value of sonography of the radial artery is that not only 
can a normal vessel be distinguished from an aneurysm, but 
the characteristics of the wall can be defined and pulsation 
appreciated. In addition, the nature of the tissue beyond the 
wall can be assessed, and adjacent solid masses or fluid 


Fig. 6.—Transverse sonogram shows ganglion 
(G) adjacent to radial artery (R). 


Fig. 7.—Longitudinal sonogram shows dis- 
crete inflammatory mass of coccidioidomycosis 
(arrows), at wrist separate from radial artery 
(which is not seen in image). 


collections that would not be shown by angiography may be 
identifiable. Either solid or cystic extravascular lesions around 
the wrist, such as the ganglion and the inflammatory mass, 
can be distinguished from the radial artery [5]. 
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Case Report 





The “To-and-Fro” Sign: Duplex Doppler Evidence of 
Femoral Artery Pseudoaneurysm 


Monzer M. Abu-Yousef,'’ James A. Wiese,’ and Asad R. Shamma? 


Hematoma formation is a common complication of femoral 
artery catheterization. In a small percentage of cases, there 
may be persistent communication between the artery and the 
hematoma [1]. A clot forms in the periphery of the collection, 
and there is eventually fibrous encapsulation. It may not be 
possible to distinguish these pseudoaneurysms from noncom- 
municating hematomas on clinical grounds. However, defini- 
tive diagnosis is essential because these false aneurysms 
either may rupture or may be complicated by distal emboli- 
zation, infection, or local pressure effects. Diagnosis by real- 
time sonography depends on the demonstration of expansile 
pulsations in the collection. Arteriography is often necessary 
to show the presence and site of communication between 
the collection and the artery. The introduction of Doppler 
sonography makes possible confirmation of the diagnosis of 
pseudoaneurysm by the demonstration of arterial flow in the 
fluid collection. We present a Doppler sign of pseudoaneu- 
rysm seen in four cases referred for evaluation of a fluid 
collection in the groin after femoral artery catheterization. 


Case Report 


An 83-year-old man was referred for sonographic evaluation of a 
3-cm pulsatile groin swelling that developed after right femoral artery 
puncture for cardiac catheterization with an 8-French catheter. The 
mass became painful and continued to increase in size during a 6- 
day period. Bruit was heard on physical examination. 

Real-time sonographic evaluation using a high-resolution, phased- 


linear-array transducer (Acuson, Mountain View, CA) showed an 
anechoic mass with expansile pulsation communicating with the 
superficial femoral artery (Fig. 1A). Duplex Doppler examination 
showed femoral arterial-like flow signals within the collection (Fig. 
1B). Doppler sampling was directed to the neck of the fluid collection 
at the junction of the bifurcation of the common femoral artery. This 
was identified by a “to-and-fro” flow signal (i.e., blood flowing into the 
collection during systole and in the opposite direction during diastole) 
(Fig. 1C). During surgery, a 3 x 4 cm well-encapsulated pseudoaneu- 
rysm of the right common femoral artery was resected, and the hole 
in the artery was repaired. 


Discussion 


False aneurysm formation is a well-known complication of 
vascular injury. Real-time sonography provides a simple, reli- 
able, and inexpensive assessment. The sonographic signs 
consist of expansile pulsations in the pseudoaneurysm and a 
point of communication with the artery. Pulsed duplex Doppler 
sonography improves the specificity of diagnosis by allowing 
demonstration of arterial-like and sometimes turbulent flow 
within the lumen of the false aneurysm. 

The duplex Doppler examination has been used in the 
diagnosis of pseudoaneurysms of the splenic artery [2], he- 
patic artery [3], renal artery [4], ascending aorta [5], and left 
ventricle [6]. In each of these reports, the presence of turbu- 
lent or pulsatile flow within the pseudoaneurysm has been 
shown. In addition, the reports of Wendel et al. [5] and Chou 
et al. [4] include demonstrations of Doppler tracings at the 
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FEMORAL ARTERY PSEUDOANEURYSM 
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Fig. 1.—A, Longitudinal view shows large pseudoaneurysm (P) anterior to superficial femoral artery 
(SFA). Neck of pseudoaneurysm (arrow) is well seen. DFA = deep femoral artery, CFA = common 


B, Simultaneous Doppler and real-time scan shows pseudoaneurysm (P) superficial to femoral artery 
(arrow) in this transverse view of groin. Arterial-like Doppler wave form is shown, with sample volume 
positioned in center of false aneurysm. 

C, Transverse duplex scan of groin shows fluid collection (P) anterior to femoral artery (arrow). 


Sample volume is positioned between pseudoaneurysm and artery, at communicating channel. Typical 
“to-and-fro” Doppler wave form is depicted in lower half of scan. Note reversal of flow during diastole. 
Communicating channel itself is not well seen. 


Fig. 2.—Duplex scan shows pseudoaneurysm (P) in longitudinal plane superficial to superficial femoral 
artery (SFA). Sample volume is positioned at relatively echolucent neck, which is faintly visualized. Flow 
at this location is directed anteriorly into pseudoaneurysm during systole and away from transducer and 
pseudoaneurysm in diastole. An aliasing artifact seen during systole and diastole results from high-flow 





mouth of pseudoaneurysms of the left ventricle and ascending 
aorta showing systolic flow into the pseudoaneurysm and 
diastolic flow out of the pseudoaneurysm. The “to-and-fro” 
sign has not been previously described in association with 
femoral artery pseudoaneurysms. Indeed, this finding should 
be present in every pseudoaneurysm that has a narrow neck, 
regardless of the artery of origin. 

This feature of pseudoaneurysms has been graphically 
shown by angiography in the past [1]. However, no report 
has emphasized the importance of this significant finding in 
the duplex evaluation of these lesions. We observed the “to- 
and-fro” duplex Doppler sign in three other cases, one of 
which was proved surgically. The flow velocity was either 
partially uniform during diastole (Fig. 1C) or was very high 
immediately after systole, then became slow during the latter 
half of diastole (Fig. 2). This Doppler sign can be explained 
by the fact that during systole the pressure is higher in the 


velocity in narrow channel between pseudoaneurysm and artery. CFA = common femoral artery. 


artery than in the pseudoaneurysm, leading to influx of blood 
into the pseudoaneurysm. During diastole, the pressure and 
flow in the artery, especially in extremity arteries, drop down 
to zero, and there may even be reversal of flow due to high 
resistance in the peripheral circulation. Blood then flows back 
through the pseudoaneurysm neck as a result of the pressure 
gradient between the overdistended, high-pressure pseudo- 
aneurysm and the low-pressure artery. 

This Doppler sign observed at the neck of the pseudoaneu- 
rysm together with the “turbulent or arterial-like flow” sign 
seen within its lumen helps to confirm the real-time sono- 
graphic diagnosis and obviate angiography. The “to-and-fro” 
sign is also helpful in identifying the exact point of communi- 
cation between the pseudoaneurysm and either the superficial 
or common femoral artery, which is helpful in preoperative 
planning. When a pseudoaneurysm is considered in the dif- 
ferential diagnosis of a fluid collection in the groin, especially 
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Factors Affecting Visualization of 
Posterior Rib Fractures in Abused 
Infants 





Rib fractures frequently are encountered in abused infants and commonly occur in 
the posterior rib arcs. Fractures occurring near the costovertebral articulations are rarely 
identified radiographically in the acute phase, and callus formation usually is the first 
indication of injury. To assess the factors influencing the visibility of fractures near the 
costovertebral articulations in abused infants, 103 posterior rib fractures occurring in 16 
abused infants were studied radiologically. The plain radiologic studies were correlated 
with the pathologic findings in 15 ribs from four patients. The limited visibility of fractures 
relates to (1) the frequent superimposition of the transverse process over the rib fracture 
site, (2) a fracture line that crosses at an obliquity to the radiographic beam, and (3) 
nondisplacement of rib fragments due to preservation of the posterior periosteum. Fresh 
fractures invisible on a frontal projection are clearly defined when the rib is viewed 
axially with postmortem radiography. These findings explain the reported superior 
sensitivity of radionuclide bone scans vs radiography in the identification of fresh 
posterior rib fractures. A knowledge of the factors influencing the visibility of these 
important injuries is useful in planning an appropriate diagnostic evaluation in cases of 
suspected infant abuse. 


Fractures of the posterior rib arcs carry a high specificity for infant abuse [1, 2], 
but unfortunately fractures near the costovertebral articulations are often difficult 
to identify radiographically, even in the healing phase. Although radionuclide scin- 
tigraphy may be more sensitive in identifying these fractures, the success of the 
technique depends on the technical quality of the studies as well as on interpreter 
expertise [3-8]. Recent studies have elucidated the morbid anatomy of fractures 
near the costovertebral articulations in abused infants [9]. Using the insights gained 
from this work, we undertook the present study to provide an understanding of 
the factors influencing the visibility of posterior rib fractures in abused infants. 


Methods and Materials 


The skeletal surveys and clinical data in 16 consecutively studied abused infants less than 
1 year old with documented posterior rib fractures were reviewed. Diagnosis was based on 
the presence of associated skeletal abnormalities considered indicative of abuse, including 
metaphyseal “bucket-handle” and “corner” fractures of the extremities, scapular fractures, 
spinous process fractures, and characteristic traumatic central nervous system injury. The 
ribs were radiographed in all patients in at least one projection, and on occasion oblique 
views were obtained. Of 15 rib fractures noted at gross examination in four patients, 
pathologic material from nine ribs was made available for microscopic analysis. Rib specimens 
were radiographed with high-detail film-screen systems or direct exposure. Pathologic material 
was fixed in formalin, decalcified, sectioned in an axial plane, and stained with hematoxylin 
and eosin. A correlation of the histologic material with the pre- and postmortem radiologic 
studies was carried out. 

Each rib articulates with the vertebral column at two points (Fig. 1). The head of the rib 
articulates with the costal facet of the vertebra anteriorly, and the tubercle articulates with 
the transverse process posteriorly. The rib head and tubercle as well as much of the vertebral 
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body have substantial cartilaginous components in infancy, a factor 
that influences radiographic appearances [10]. 


Results 


One hundred three fractures involving the posterior arc of 
the ribs were documented radiographically and/or pathologi- 
cally. The number of rib fractures per patient ranged from two 
to 24. 


Location of Fractures 


For analysis, the posterior arcs of the ribs were divided into 
redial and lateral halves (Fig. 1). Ninety-one fractures (88%) 
*involved the medial half of the posterior arcs, and 12 (12%) 
involved the lateral half. The medial arcs were further divided 
into a portion occurring at or medial to the costotransverse 
process articulation and a portion lateral to the costotrans- 
verse process articulation. The number of fractures occurring 
in these regions was 66 (64%) and 25 (24%), respectively. 
Thus, a substantial majority of posterior rib fractures occurred 
at or medial to the costotransverse process articulation. 


Chronicity of Fractures 


With the exception of a single fracture involving the lateral 
half of the posterior rib arc, no acute rib fractures were 
identified on conventional radiographs in infants surviving 
assaults (Table 1). Of 15 posterior rib fractures identified at 
autopsy, eight were acute. None of these acute fractures 
could be identified on conventional radiography. In an infant 
with two acute fractures, postmortem specimen radiography 
in the frontal projection failed to show the fractures, and only 
when viewed in an axial projection could they be identified 
(Fig. 2). Evidence of healing manifested by callus formation 
was essential for reliable diagnosis of fractures near the 
costovertebral articulations (Fig. 3). 


Orientation of Fracture Lines 


The radiolucency produced by an acute fracture will be 
viewed only if the radiographic projection is parallel to the 
plane of the fracture. Fracture lines oriented at an obliquity to 
the plane of projection will be invisible (Fig. 2B) but will be 
identified easily in an axial projection (Fig. 2C). 





Fig. 1.—Distribution of 103 fractures in 16 abused infants is indicated. 
64% of fractures occurred at or medial to costotransverse process articu- 
lations (arrow). 
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TABLE 1: Chronicity of Posterior Rib Fractures 





Patient Group Acute Old Total 


Infants with radiographic assessment 


only (n = 12) 1 87 88 
Autopsied infants (n = 4) 

Radiographically identified 0 rf T 

Pathologically (gross) identified 8 F 19 





Position and Alignment of Fragments 


In most cases, there is little displacement or angulation of 
posterior rib fractures. Only eight displaced fractures could 
be identified with certainty on frontal radiographs. These were 
generally identified in massively traumatized infants who ap- 
parently had received severe blows to the trunk. Maintenance 
of the posterior periosteal attachment in all fractures exam- 
ined histologically most likely explains the tendency for most 
posterior rib fractures to be undisplaced (Figs 2A and 3B). 


Discussion 


Rib fractures are reported to account for between 5% and 
27% of all fractures occurring in abused children [11-13]. In 
this study, radiography failed to identify fractures near the 
costovertebral articulation present at postmortem in more 
than half the cases. Furthermore, radiography failed to identify 
any of the eight acute fractures noted at postmortem. These 
findings are supported by data suggesting that radionuclide 
scintigraphy will identify greater numbers of rib fractures than 
radiography [3-6]. Although most authorities agree on the 
high sensitivity of scintigraphy as a screening examination for 
skeletal injury, a variety of factors have militated against its 
use in cases of abuse [7, 8, 14]. 

The importance of rib fractures in the diagnosis of child 
abuse has been appreciated for nearly four decades [3, 15- 
18]. The specificity of fractures near the costovertebral artic- 
ulation for the diagnosis of infant abuse is comparable with 
that of the classic metaphyseal “bucket-handle” and “corner” 
fractures. We have suggested that most infant rib fractures 
near the costovertebral articulations occur during episodes of 
violent shaking with thoracic compression in the anterior/ 
posterior plane [9]. Presumably, the ribs are excessively 
levered over a fulcrum of the transverse process, resulting in 
disruption of the ventral periosteum and cortex of the rib, 
usually leaving the dorsal periosteum intact. This mechanism 
of injury is in keeping with the severe accelerational and 
decelerational forces producing metaphyseal, scapular, and 
CNS injuries in infants who have been shaken [9]. 

What steps can be taken to enhance identification of pos- 
terior rib fractures? In centers employing the radiographic 
skeletal survey, strict attention to technique is essential. The 
standard radiograph of the chest is inadequate because of 
the higher kilovoltage and the posteroanterior technique that 
usually are employed. A standard anteroposterior projection 
of the rib cage with lower kilovoltage appropriately chosen to 
visualize the osseous structures is essential as a screening 
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Fig. 2.—A, Axial histologic section through costovertebral junction in 2-month-old abused infant with acute rib fracture found at autopsy. A fracture is 
seen (arrow) opposite costotransverse process articulation. Fracture disrupts ventral periosteum, extends through thin ventral cortex and medullary 
space, but does not reach cartilage of rib tubercle. V = vertebral body; T = transverse process. 


B, Radiograph of same rib in frontal projection shows no abnormality. 


C, A second radiograph obtained by rotating rib 90° into axial plane shows fracture (arrow), which correlates precisely with fracture noted in A. 


Fig. 3.—A, Views of costovertebral junctions 
in 3-month-old abused infant. Fractures at cos- 
tovertebral junction of fifth through seventh ribs 
are evident with callus formation (arrows). 

B, Histologic section of fifth rib shows a heal- 
ing fracture (solid arrow) just lateral to rib head. 
Periosteal reaction (open arrows) is noted only 
along ventral surface of rib extending laterally to 
level of rib tubercle. Dorsal cortex and perios- 
teum are preserved. 


examination. Coned-down and oblique views of the ribs prob- 
ably are not justified on a routine basis, but when there is 
strong suspicion of abuse on clinical grounds, or when equiv- 
ocal findings are present on standard projections, oblique and 
coned-down views may be useful [2]. In departments that 
use skeletal scintigraphy as the primary imaging technique, 
all questionable findings should be studied radiographically. 
In centers that use radiography as a screening examination, 
scintigraphy should supplement an equivocal skeletal survey. 
Whichever approach is used, a knowledge of the factors 
influencing the visibility of posterior rib fractures is important 
in planning an appropriate diagnostic evaluation in cases of 
suspected infant abuse. 
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Balloon Dilatation of Esophageal 
Stenosis in Children 





Balloon dilatation of benign esophageal strictures is an accepted mode of therapy in 
adults. This report describes balloon dilatation in 20 consecutive infants and children. 
The lesions treated include 11 strictures at surgical anastomotic sites, seven restrictive 
Nissen fundoplications, and three nonanastomotic esophageal strictures. One patient 
had two lesions. Most dilatations were performed on an outpatient basis without 
anesthesia. All strictures responded immediately to dilatation. In most cases, long-term 
resolution occurred after three or fewer procedures. A subgroup of patients was 
identified in which a prolonged course of treatment was needed. These included patients 
with long strictures due to esophageal atresia, patients with chronic severe esophagitis, 
and patients with strictures at the site of esophageal perforation. No significant compli- 
cations were encountered. 

Balloon dilatation of esophageal stenosis in children is effective and safe and should 
be considered before other methods of treatment are used. 


Dilatation of esophageal stenosis by means of an inflatable balloon catheter 
under fluoroscopic control has been an established mode of therapy in adults [1- 
5], and use of this approach in children has been described [6-8]. We report our 
experience with 20 consecutive infants and children who received 68 dilatations 
for 21 esophageal stenotic lesions. 


Subjects and Methods 


Between October 1984 and January 1987, 20 infants and children with symptomatic 
esophageal stenosis were referred for balloon dilatation. In total, 68 dilatations were performed 
for 21 lesions using polyethylene Gruntzig balloon dilating catheters (Medi-tech, Watertown, 
MA). Summaries of the clinical courses of these patients are presented in Table 1. 

Eleven of the strictures occurred at the site of a surgical anastomosis for the repair of 
esophageal atresia. In four instances, diagnosis and subsequent balloon dilatations of 
anastomotic strictures were precipitated by episodes of obstructive esophageal foreign body 
when the patients were 1-4.5 years old. In three cases, esophageal strictures were caused 
by esophagitis of various causes. Seven patients had restrictive Nissen fundoplications. Four 
patients had previous endoscopic bougienage. 

Patients injested nothing orally for at least 4 hr before the procedure. All balloon dilatations 
were performed in the radiology suite under fluoroscopic control and were continuously 
monitored by ECG; frequent suction also was used. General anesthesia was used on one 
occasion in the early phase of the study; otherwise, no sedatives were used. 

A red rubber catheter was introduced through the mouth or nose and was positioned at 
the proximal aspect of the stricture. An angiographic guidewire with a soft tip was then 
passed through the catheter and across the stricture. The tip of the guidewire was left in the 
stomach until the dilatation was completed. The red rubber catheter was replaced by a 
Gruntzig balloon dilating catheter, which was passed over the guidewire. The size of the 
initial dilating balloon was chosen on the basis of the estimated caliber of the esophagus, 
which was determined by the initial barium swallow. 

In neonates, the first dilatation usually was made with a balloon that was 6-8 mm in 
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TABLE 1: Balloon Dilatations in Children 
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a eam ——E 


Abnormalities 


Balloon Catheter Dilatation 





Patient : ; Result (follow-up 
a ender Maximum Maximum ; 
No. — ae Primary Associated jin E Diameter Pressure period) 
RER cS (mm) (atm) 

1 1 mo F EA/distal TEF None 3 wk 2 8 4 Resolved (21 mo) 

2 1 mo M EA/double fistulae None 3 wk 4 10 6 Resolved (12 mo) 

3 2 mo M EA/double fistulae Anastomotic leak 7 wk 5 12 8.5 Resolved (13 mo) 

4 3 mo F EA GER 2 wk Zz 10 10 Reanastomosed in 

18 mo 
5° 6 mo F EA/distal TEF GER (Nissen) 6 mo 5 15 5 BCD at 2- to 3-mo 
intervals 
1.5 yr Nissen EA/distal TEF 9 mo 1 15 3 Resolved (6 mo) 
and GER 

6 3 yr M EA GER 9 mo 5° 18 5 BCD at 2- to 3-mo 

intervals 

i 11 yr M EA/distal TEF Colonic interpo- 10 yr 7 15 Reanastomosed in 

sition 2 yr 

8 1 yr M EA/distal TEF Foreign body 1 yr 1 12 4 Resolved (8 mo) 

9 1yr F EA/distal TEF Foreign body 1 yr 2 18 5 Resolved (27 mo) 
10 2 yr M EA/distal TEF Foreign body 2 yr 3 12 3.5 Resolved (20 mo) 
11 4.5 yr M EA/distal TEF Foreign body 4.5 yr 1 12 3.5 Resolved (5 mo) 
12 2 yr P Caustic esophagitis None 1 yr 1 10 3 Endoscopic dilatation 
13 5 yr M Radiation esophagitis None 3 yr 7 18 3.5 Died of unrelated 

cause 
14 7 yr F Candida esophagitis None 5 yr i 15 3 BCD at 6-wk inter- 
vals 
19 1.5 yr M Nissen None 11 mo 3 15 6 Nissen removed 
16 1.5 yr M Nissen None 8 mo 3 12 4 Resolved (15 mo) 
17 2 yr M Nissen None 7 mo 1 15 3 Resolved (8 mo) 
18 2.5 yr F Nissen None 2 wk 1 10 3 Resolved (8 mo) 
19 1.5 yr F Nissen None 3 wk 1 12 9.5 Resolved (15 mo) 
20 2 yr M Nissen None 17 mo 1 10 3 Resolved (21 mo) 


Note.—BCD = balloon catheter dilatation; atm = atmospheric pressure; EA = esophageal atresia; TEF = tracheoesophageal fistula; GER = gastroesophageal 
reflux; Nissen = restrictive Nissen fundoplication; wk = week; mo = month; yr = year. 


* Age at time of the first balloon catheter dilatation. 
P? History of endoscopic dilatation. 


° This patient had two lesions. She developed an obstruction at the site of the Nissen fundoplication, which was performed for gastroesophageal reflux. 


diameter; in infants, the balloon diameter was 10-12 mm. The size 
of the balloon was increased in increments of 2 mm for each subse- 
quent dilatation. With the balloon portion of the catheter at the 
stricture, the balloon was slowly inflated with dilute contrast material 
to specified pressures for each balloon; a pressure gauge was used 
to monitor the pressures. Balloon displacement was obviated by 
using a 4-cm-long balloon. The inflation was maintained for 60 sec 
and then repeated three times during each dilatation. After removal 
of the catheter and wire, the integrity of the esophageal lumen was 
confirmed by esophagram. 

In patients with a gastrostomy who required repeated balloon 
dilatation, a thin Silastic catheter was retrieved through the gastros- 
tomy by the guidewire and the ends of the line were tied for future 
access. The entire process was accomplished within 30 min. The 
patients were allowed to drink after the procedure was completed. 


Results 


Among 11 patients who had had anastomotic stricture after 
esophageal atresia repair and who had completed a course 
of three or fewer dilatations, seven were free of symptoms 
5-27 months after the procedures. Two patients continued 
to need intermittent dilatation, and two required further sur- 
gical correction. 

Those patients who failed to achieve long-term relief after 
the third balloon dilatation were readily identified as having 


complex abnormalities, including a missed proximal tracheo- 
esophageal fistula (one), a proximal fistula and postoperative 
anastomotic leakage (one), severe gastroesophageal reflux 
(three), isolated esophageal atresia with a long gap (two) (Fig. 
1), and a colonic interposition complicated by postoperative 
leakage (one). 

Patients with tracheoesophageal fistula who presented with 
an esophageal foreign body in late infancy but who had no 
immediate postoperative symptoms (four) responded well to 
balloon dilatation (Fig. 2). 

All but one of the seven patients who underwent balloon 
dilatation for restrictive Nissen fundoplication were free of 
symptoms after three or fewer balloon dilatations (Fig. 3). 
Two developed small, asymptomatic para-Nissen herniae 
after balloon dilatation. Patient 15 underwent three balloon 
dilatations without relief of obstructive symptoms, and the 
Nissen fundoplication was surgically removed. 

Among three patients with chronic esophagitis from various 
causes, two had temporary palliation after balloon dilatation. 
One patient who had proximal esophageal stenosis caused 
by caustic ingestion could not tolerate the procedure because 
of the development of upper-airway obstruction. One patient 
who had chronic esophageal stricture from previous radiation 
therapy for a malignant spinal teratoma died of an unrelated 
cause after eight balloon dilatation procedures over a period 
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Fig. 1.—Case 4: 3-month-old girl with isolated esophageal atresia with- 
out fistula. 

A, Barium study performed 1 month after delayed anastomosis showed 
severe stenosis at site of anastomosis. Despite multiple balloon catheter 
dilatations with temporary symptomatic relief, patient required another 
anastomosis at age 18 months. 

B, 10-mm balloon inflated to 3 atm of pressure shows persistent “waist” 
at stenosis. 


of 15 months. At the time of his death, this patient's esoph- 
ageal symptoms had decreased, and it had been 3 months 
since his last balloon dilatation. 

In infants less than 3 months old, adequate dilatation was 
accomplished by using a Gruntzig catheter with a diameter 
of 8-10 mm. The older children required a balloon diameter 
of 10-15 mm. All strictures dilated with a 6-mm balloon 
required subsequent, larger balloon dilatation. 

In summary, of the 21 lesions treated, 13 were resolved; 
three patients required intermittent balloon dilatation at 1.5- 
to 3-month intervals, three required additional surgery, one 
could not tolerate balloon dilatation, and one patient died from 
an unrelated cause. In three patients who continued to require 
intermittent balloon dilatation and in two who underwent 
additional surgery, the persistent waist on the balloon at the 
site of the stricture was noted even at maximal inflation of 
the balloon (Fig. 1). 

No balloon was ruptured during inflation. However, brady- 
cardia was observed in small infants during maximal inflation 
of the balloon. This resolved spontaneously on deflation of 
the balloon, and the procedure could be completed. 


Discussion 


Other reports [1-5] have described the successful use of 
balloon dilatation to treat esophageal stenosis in adults; how- 
ever, our experience shows that this mode of treatment is 
also useful in infants and children. In our series, there were 
no major complications, and no hospitalization was required 
for the procedure. Balloon dilatation was successful in achiev- 
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Fig. 2.—Case 8: 12-month-old boy who was surgically treated during 
neonatal period for esophageal atresia with distal tracheoesophageal 
fistula shows acute symptoms of esophageal obstruction (A). 

A, Lateral esophagram showed foreign body at anastomotic site. A 
piece of carrot was extracted using a Foley balloon catheter. 

B, Postdilatation lateral esophagram. A satisfactory long-term result 
was obtained. 


ing a cure or palliation in a number of infants and children 
with esophageal stenosis. 

Wesdorp et al. [9] reported an 8% perforation rate in 100 
adult patients with benign esophageal stricture who under- 
went bougienage. Starck et al. [1] experienced approximately 
the same rate of perforation among their patients who under- 
went bougienage. On the other hand, there are only two 
reported cases of esophageal perforation caused by balloon 
dilatation, one in a 35-month-old infant with esophageal stric- 
ture caused by ingestion of lye [6] and the other in an adult 
with lung carcinoma that had invaded the distal esophagus 
[10]. 

Fluoroscopically controlled passage of the guidewire, aided 
by a red rubber catheter, and subsequent introduction of the 
balloon catheter across the stenosis (which is outlined by 
contrast material) is a simple procedure. Only radially directed 
forces are transmitted to the most narrowed esophageal 
segment without additional longitudinal and shearing forces 
of bougienage; therefore, trauma to the esophageal wall is 
reduced and the risk of esophageal rupture is much lower. 
Many strictures that are treated with bougienage recur, so it 
is not surprising that balloon-dilated strictures also recur. In 
those cases, our experience parallels that of Starck et al. [1] 
who, in the study comparing mean relapse-free time between 
bougienage and balloon dilatation, reported prolonged symp- 
tom-free intervals after balloon dilatation. They attributed this 
result to decreased trauma to the esophagus and to the larger 
luminal width available with balloon dilatation. 

Most patients with complicated esophageal atresia repair 
and those with stricture caused by long-standing esophagitis 
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achieved good palliation with balloon dilatations, with steadily 
increasing intervals between dilatations. We postulate that 
the effect of dilatation was limited because of dense and 
extensive fibrosis of the stenotic area and alterations to the 
intrinsic blood supply to the area. 

Persistence of the waist on the balloon at the site of the 
stricture indicates a limited response to balloon dilatation. In 
these cases, balloons that tolerate greater pressure may be 
required. 

Patients with restrictive Nissen fundoplication responded 
well to the balloon dilatation. In these patients, immediate 
postdilatation esophagrams may show no change, despite 
significant symptomatic relief. In two patients whose condition 
had improved, para-Nissen hernias were induced by balloon 
dilatations, probably because of fractures of the suture lines. 
Neither of these patients had symptoms related to this com- 
plication. 

Balloon dilatation in infants and children appears to be a 
rapid, safe, and lasting alternative to standard treatments for 
esophageal stenosis caused by postoperative stricture, re- 
strictive Nissen fundoplication, and esophagitis; balloon dila- 
tation should be considered before other modes of treatment. 


SATO ET AL. 
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Fig. 3.—Case 19: 18-month-old girl 
with symptoms of progressive esoph- 
ageal obstruction after Nissen fundo- 
plication. 

A, Anteroposterior esophagram 
shows narrowing of distal esophagus 
with proximal dilatation. 

B, Despite symptomatic relief, post- 
dilatation esophagram shows little 
change. 
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Acute Scrotal Abnormalities in 
Children: Diagnosis by Combined 
Sonography and Scintigraphy 





Both scintigraphy and real-time sonography have been used to assess acute symp- 
toms involving the scrotum. However, because of its high sensitivity and ability to 
document physiologic abnormalities, scintigraphy has been the procedure of choice. 
Scintigraphy, however, lacks specificity; its value lies mainly in serving to distinguish 
torsion from nontorsion. The purpose of this study was to supplement scrotal scintigra- 
phy with sonography to determine if the combination improves diagnosis and manage- 
ment compared with scintigraphy alone. Forty-three scrotal scintigrams and sonograms 
were performed on 40 consecutive patients with acute scrotal symptoms. The interpre- 
tation of the scintigram was altered by sonography in six (14%) of the combined scans, 
directly affecting clinical management. In three patients with acute hydroceles diag- 
nosed by sonography, exploratory surgery was avoided despite scintigraphic findings 
suggesting testicular torsion. Scintigraphy was normal in two patients with spontaneous 
testicular detorsion, whereas sonography showed recent spermatic-cord torsion that 
required subsequent orchiopexy. In a patient with epididymitis and orchitis, sonography 
showed a complicating scrotal abscess, which was not apparent on scintigraphy and 
which required antibiotic treatment. 

The addition of sonography to the scintigraphic evaluations of children with acute 
scrotal abnormalities changed the diagnosis and clinical management in 14% of the 
patients studied. 


The child presenting with an acutely painful and/or swollen scrotum constitutes 
an emergency requiring immediate diagnosis and treatment [1]. The causes include 
epididymitis and/or orchitis, spermatic-cord “testicular” torsion (torsion of the 
spermatic cord and testis), torsion of a testicular appendage (most commonly 
appendix testis or appendix epididymidis), acute hydrocele, strangulated hernia, 
idiopathic scrotal edema, hemorrhage in a testicular tumor or associated with 
trauma, Henoch-Schonlein purpura, and scrotal fat necrosis [2]. Of these epididy- 
mitis (and/or orchitis) and torsion occur most frequently and pose the greatest 
diagnostic dilemma. Clinical differentiation of these two entities cannot be made 
with absolute certainty, and the distinction may not be possible in up to 50% of 
patients [3]. Furthermore, diagnosing torsion is particularly difficult when it is 
intermittent. 

The physician must differentiate those conditions that can be adequately treated 
medically (epididymitis and/or orchitis) from those requiring prompt surgery (sper- 
matic-cord torsion, testicular rupture). Scintigraphy and high-resolution real-time 
sonography have each been used for this purpose with various results [4]. The 
purpose of this study was to evaluate prospectively the usefulness of combined 
sonography and scintigraphy in children with acute scrotal symptoms. 


Subjects and Methods 


From 1983 to 1986, 43 scrotal sonograms and scintigrams were performed on 40 patients 
ranging in age from 1 day to 15 years (mean, 8 years) and presenting with acute scrotal pain 
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(left side in 24, right side in 19). The duration of pain before clinical 
presentation varied from 2 hr to 3 days. In three of the patients, two 
series of studies were performed for separate episodes of acute 
scrotal symptoms. 

Scintigraphy was performed with a Siemens ZLC 37, dual-headed 
emission, computerized axial tomographic scanner. The anterior cam- 
era was used; the patients were scanned supine with the legs 
abducted (frog-legged in infants), and the penis was taped cephalad 
on the abdomen. A bolus of °’"Tc-sodium pertechnetate (1.0-15.0 
mCi [37-555 MBq], depending on body weight) was injected intra- 
venously. Nine first-pass, angiographic scintigraphic images were 
obtained at 2- to 4-sec intervals by using a converging low-energy 
collimator. An immediate blood-pool image (2.5 million counts) was 
then obtained (magnified 2.75 times). At 5-8 min, a static magnified 
image (1 million counts) was obtained by use of high-resolution, low- 
energy, parallel-hole collimators. On the final image, the symptomatic 
testicle was demarcated, and the median raphe was identified with 
radionuclide markers. Thyroid uptake was blocked by the oral admin- 
istration of potassium perchlorate (10 mg/kg). 

Sonography was performed with either a Diasonics DRF-400 (10- 
MHz) or an ATL MK-600 (7.5-MHz) real-time scanner. With the patient 
supine, transverse, longitudinal, and coronal scans of each testis 
were obtained with direct transducer contact on the scrotum by using 
a large amount of E-Z gel (E-Z-EM Canada Ltd., Whitby, Ontario) as 
the coupling agent. The complete sonographic examination was 
obtained within 15 min of scintigraphy. The final diagnosis was 
established surgically in 13 patients: (spermatic cord torsions (seven 
patients), torsion of testicular appendages (three patients), epididy- 
mitis and orchitis (two patients), and traumatic hemorrhage with 
hematocele (one patient). In the remaining 27 patients, the diagnosis 
was established by subsequent clinical course. 


Results 


Of the various scrotal abnormalities encountered in this 
study, epididymitis and/or orchitis was the most common, 
occurring in 16 (37%) of 43; spermatic-cord torsion was found 
in seven (16%), hydrocele in four (9%), traumatic hemorrhage 
in four (9%), and torsion of a testicular appendage in four 
(9%). Eight patients were normal. 

Five patients with symptoms lasting from 10 hr to 2 days 
had characteristic sonographic and scintigraphic abnormali- 
ties that were caused by surgically confirmed spermatic-cord 
torsion (Fig. 1). However, two patients had spermatic-cord 
torsion that, at the time of the imaging studies, had undergone 
spontaneous detorsion. Scintigraphy showed normal testicu- 
lar perfusion on the flow study without evidence of a central 
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“cold” defect on the blood-pool static images; sonography 
depicted testicular enlargement and hyperechogenicity, find- 
ings consistent with torsion. At surgery, these testicles were 
enlarged, discolored, and congested, but the spermatic cord 
was no longer twisted. In one of these patients, sonography 
confirmed that the symptomatic testicle was mal- 
descended. 

In three of the four patients with torsion of a testicular 
appendage, focal hyperemia superolateral to the testicle was 
seen on scintigraphy. The sonograms of two of these patients 
were normal; in the third, sonography showed a small hydro- 
cele with minimal enlargement of the testis and epididymis. In 
the fourth patient, both radionuclide scintigraphy and sonog- 
raphy were normal. In these four patients, duration of symp- 
toms ranged from 10 hr to 3 days. Surgery was performed 
on three of these patients for persistent pain. 

In all patients with epididymitis and/or orchitis (mean dura- 
tion of scrotal pain, 25 hr), scintigraphy showed increased 
perfusion and increased radiotracer deposition in the symp- 
tomatic hemiscrotum; sonography showed enlargement and 
altered echogenicity of the epididymis and/or testis in all but 
one patient. In six of the 16 patients, sonography yielded 
additional diagnostic information by showing either a hydro- 
cele (small- to moderate-sized) or an abscess (one patient) 
(Fig. 2). 

In three patients, scintigraphy showed normal or decreased 
perfusion and central “cold” defects in the symptomatic scro- 
tum, suggesting acute spermatic-cord torsion; these defects 
were caused by large uncomplicated hydroceles, that were 
easily identified by sonography, and no underlying abnormal- 
ities of the testicle or epididymis were present (Fig. 3). In a 
fourth patient, with an acute hydrocele detected by sonogra- 
phy, scintigraphy was normal. Mean duration of the patients’ 
symptoms in these four children was 16 hr. 

In the four patients with testicular trauma, three were 
evaluated because the degree of trauma seemed insufficient 
to explain the clinical signs. These patients had generalized 
hyperemia on scintigraphy with focal alteration of testicular 
echogenicity on sonography that corresponded to areas of 
contusion. In two of these patients, sonography identified a 
hematocele. In the fourth patient, scintigraphy was normal 
yet sonography detected focal areas of testicular contusion. 
The symptoms in these patients had lasted from 2 to 12 hr. 


Fig. 1.—12-year-old boy with scrotal pain for 
24 hr. Surgically confirmed spermatic-cord tor- 
sion. 

A, Scintigraphic static image shows a rounded 
“cold” area in expected location of left testicle 
(straight arrow). Curved arrow shows base of 
penis. 

B, Transverse sonogram shows area of in- 
creased echogenicity due to hemorrhage 
(curved arrow) in enlarged left testicle. Straight 
arrow shows normal right testis. M = median 
raphe. 
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Fig. 2.—6-year-old boy with right epididymitis and abscess, surgically confirmed. 

A, Scintigraphic static image shows diffuse increased intake in the right hemiscrotum caused by epididymitis. Scintigraphic angiogram (not shown) 
shows increased perfusion. Straight arrow shows median raphe; curved arrow shows base of penis. 

B, Sagittal sonogram shows enlarged, hypoechoic head of epididymis (open arrow) surrounded by small hydrocele. T = testicle. 

C, Sagittal sonogram shows ill-defined, inhomogeneous abscess (open arrow) surrounding right testicle (T). Closed arrow = unusually enlarged 


spermatic cord. 


Fig. 3.—3-year-old boy with right hydrocele 
presenting with scrotal pain for 12 hr. 

A, Scintigraphic static image shows central 
“cold” area in right hemiscrotum suggestive of 
spermatic-cord torsion (closed arrow). Open ar- 
row shows normal left testicle. Radionuclide an- 
giogram (not shown) showed decreased flow to 
right hemiscrotum. EREE V 

B, Sagittal sonogram shows large hydrocele Stas oi 
surrounding normal testicle (straight arrow) and 
epididymis (curved arrow). 
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In eight patients (mean duration of scrotal pain, 25 hr), both 
scintigraphy and sonography were normal, and symptoms 
abated shortly after evaluation. No evidence of subsequent 
testicular atrophy was found by sonography and clinical ex- 
amination. The causes of the symptoms in these patients 
remain undetermined. 


Discussion 


The necessity to distinguish spermatic-cord torsion from 
epididymitis and/or orchitis ultimately is related to testicular 
salvage rates, which is determined by the duration and degree 
of torsion. The testicular salvage rate is 80-100% if surgery 
is performed within 5-6 hr of the onset of pain, 70% if surgery 
is undertaken within 6-12 hr, but only 20% if surgery is 
delayed for more than 12 hr [1]. Orchiopexy is indicated in all 
patients with spermatic-cord torsion to salvage the afflicted 
side and to prevent this complication in the nonaffected side. 

In patients with unilateral spermatic-cord torsion in whom 
the affected necrotic testis has not been surgically removed, 
histologic damage may occur in the contralateral testis. This 





degeneration, consisting of aspermatogenesis and seminif- 
erous tubule atrophy, is mediated by the immune system and 
ultimately results in decreased fertility [5]. The extent of 
histologic damage is also dependent on the duration of tor- 
sion. For preservation of the integrity of the contralateral 
testis, the damaged testis must be removed in instances of 
prolonged testicular torsion [5]. Since the clinical history, 
physical examination, and laboratory data are usually not 
specific in differentiating spermatic-cord torsion from other 
acute scrotal abnormalities [6], improvement in testicular 
salvage rates has relied on immediate surgery [7]. However, 
spermatic-cord torsion occurs in only 35-60% of patients 
who undergo exploratory surgery for acute scrotal pain and 
swelling [8]. Therefore, if those patients with scrotal abnor- 
malities other than spermatic-cord torsion can be identified, 
surgery may be avoided in 40-65% of these cases. 

The diagnostic techniques currently used to evaluate the 
acutely painful scrotum include scintigraphy [8, 9], sonogra- 
phy [10], and Doppler sonography [11]. Although these meth- 
ods of investigation have been useful, they do not have 100% 
reliability, which is the desired goal [2, 4, 7, 12]. Doppler 


sonography has a reported accuracy of 79-88% [7, 13], and 
the accuracy of scintigraphy is about 95% [7, 14]. 

Scintigraphy relies on decreased perfusion to the sympto- 
matic testicle (flow studies) and identification of a central 
“cold” defect (static images) to diagnose spermatic-cord tor- 
sion. Because scintigraphy provides physiologic data, it is 
widely considered the most accurate method currently avail- 
able [7], and, as such, is the procedure of choice [2]. Despite 
meticulous technique, however, adequate perfusion may be 
difficult to detect, particularly in small infants. Furthermore, 
both false-negative and false-positive results have been re- 
ported [7, 15]. Any large fluid collection (hydrocele, hemato- 
cele) or hernia overlying the testis will attenuate photons, 
thereby suggesting an incorrect diagnosis of spermatic-cord 
torsion. 

Sonography relies on altered testicular echogenicity, en- 
largement of the testis and/or epididymis, and the identifica- 
tion of small hydroceles to diagnose spermatic-cord torsion 
[4, 10, 16]. 

The aim in testicular diagnostic imaging is to detect all 
patients with spermatic-cord torsion and reduce the number 
of exploratory operations performed for diagnosis. Thirteen 
(33%) of 40 children in this series had surgery. Three addi- 
tional patients would have had surgery on the basis of the 
scintigraphic findings alone (diminished perfursion and “cold” 
defect in the symptomatic scrotum—findings suggestive of 
spermatic-cord torsion) if large hydroceles had not been iden- 
tified on sonography. This represents a 19% (3/16) decrease 
in surgical intervention. The two cases in which surgery was 
done for epididymitis and/or orchitis occurred early in the 
study, before the reliability of the combined studies had been 
established. On the basis of our current knowledge, these 
two additional patients would not have undergone surgery. 
Therefore, our results show a potential 31% (5/16) reduction 
in surgical intervention. Furthermore, in two patients with 
spontaneous testicular detorsion, the recent torsions were 
detected on sonography, and the patients subsequently 
underwent orchiopexies. Consequently, the number of sur- 
gical explorations can be decreased by the combined imaging 
approach if surgery is reserved primarily for spermatic-cord 
“testicular” torsion. 

Supplementing scintigraphy with sonography in evaluation 
of acute scrotal pain has the following advantages: (1) Find- 
ings on sonography will decrease the impact of scintigraphic 
false-positive scans caused by spuriously decreased perfu- 
sion on the flow study (maldescended testes, hernia) or the 
photopenic defects (hydrocele, hematocele) on static scans. 
(2) Sonography will identify abnormalities or substantiate nor- 
malcy when scintigraphic perfusion patterns are indetermi- 
nate. (3) Sonographic abnormalities consistent with testicular 
torsion [10] combined with normal scintigraphy can probably 
be considered diagnostic of spontaneous detorsion. This 
additional diagnostic information will directly affect the deci- 
sion to operate. 

Sonography has further advantages in that it is a useful 
technique in (1) establishing the presence of testicular atrophy 
after spermatic-cord torsion, (2) confirming the position of 
maldescended testes detected clinically, and (3) doing follow- 
up on patients with epididymitis and/or orchitis or trauma to 
identify complications (abscess, testicular rupture, hematoma, 
hematocele). Furthermore, in cases of nontorsion, sonogra- 


phy adds confidence to the clinical decision to defer surgery. 
Sonography yielded information that was not apparent by 
scintigraphy and that resulted in a specific diagnosis in 10 
(25%) of 40 patients in this series. This, however, does not 
imply that sonography was not beneficial in the remaining 
75% of patients examined. Sonography is useful even when 
findings are normal. For example, if scintigraphy shows in- 
creased perfusion and radiotracer deposition in the sympto- 
matic scrotum, a normal sonogram eliminates the diagnoses 
of traumatic hemorrhage and epididymitis and/or orchitis and 
therefore makes torsion of a testicular appendage the most 
likely explanation for the scintigraphic findings. 

Based on results of this study, our policy is to evaluate all 
children presenting with acute symptoms in the scrotum with 
both sonography and scintigraphy. Both types of imaging 
studies are available on an emergency basis (within 1 hr) to 
rapidly and accurately evaluate these patients. Thereby, we 
believe that the number of exploratory operations for diag- 
nosis will decrease, but those patients needing prompt sur- 
gical intervention will be identified. 
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Sonographic Evaluation of Ovarian 
Torsion in Childhood and 
Adolescence 





Emergency sonographic examination of the pelvis was performed in 41 girls (mean 
age, 13 years old) with clinical suspicion of ovarian torsion. Sonographic features 
consistent with diffuse swelling of the ovarian parenchyma and follicular enlargement 
in the cortical zone were detected in eight patients and were considered highly sugges- 
tive for torsion of the ovary. Surgery revealed ovarian torsion in seven of these cases 
and hemorrhagic ovarian cyst in one case. A cystic or complex ovarian mass was 
detected by sonography in five additional cases, and ovarian torsion was included in 
the differential diagnosis. Surgery revealed ovarian torsion in four of these cases and 
hemorrhagic ovarian cyst in one. A 100% sonographic sensitivity for space-occupying 
disease of the ovary was obtained with a positive predictive value of 88% for the 
diagnosis of ovarian torsion. The specificity of the method was 93%. 

Sonography appears to be an excellent method to evaluate patients with suspected 
torsion of the ovary. 


Torsion of the ovary may be the cause of an acute abdomen in girls and women. 
Prompt diagnosis and surgical restoration of blood flow may avoid irreversible 
ovarian damage [1]. Correct clinical diagnosis is difficult in girls in whom a vaginal 
examination is not feasible. Our study evaluates the accuracy of sonography in the 
preoperative diagnosis of ovarian torsion in 41 girls. 


Subjects and Methods 


From June 1981 to December 1986, 41 girls with suspected torsion of the ovary were 
referred for sonographic evaluation on an emergency basis. Torsion of the ovary was Clinically 
suspected when sudden onset of lower quadrant abdominal pain accompanied by local 
tenderness was present, regardless of the presence or absence of a palpable mass. 

The sonographic examinations were performed with commercially available dynamic-sector 
and linear scanners with 3- to 5-MHz transducers. 

Transverse and longitudinal sonograms of the pelvis were obtained in all patients. The 
technique required distension of the urinary bladder by either the ora! or IV route. The ovarian 
volume was calculated by using a simplified formula for an ellipsoid (length x height x width 
x one-half). 

Ovarian volume was considered normal’when it measured 0.46 cm? up to 2 years old and 
1 cm? up to 12 years old. The average volume of a normal ovarium in the postpuberal girl is 
3 cm? with the longest axis measuring up to 5 cm [2, 3]. The normal ovary is almond-shaped 
and moderately echogenic. 


Results 


The patients were 3-19 years old (mean + SD, 13 + 4.5 years; median 12 
years). Symptoms included pelvic pain with a mean duration of 4.6 days, located 
on the right side in 23 cases, on the left side in nine, and diffuse in the pelvis in 
nine; leukocytosis in four; vomiting in three; and paralytic ileus in one. 
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On sonography, 28 of the patients had normal-sized ovaries 
and 13 had enlarged ovaries. The volume of the enlarged 
ovaries ranged from 34 to 365 cm° (mean, 130 + 99 cm’). All 
13 enlarged ovaries were oval or globular in shape. Eight of 
these showed a solid pattern with multiple enlarged follicles 
(8-15 mm in diameter) at the periphery of the ovarium (Fig. 
1). The other five enlarged ovaries showed a mixed appear- 
ance either with distinct solid and fluid components (Fig. 2) or 
with an amorphous pattern (Fig. 3). 

Another sonographic finding (present in three cases) was a 
semisolid mass in the right lower quadrant extending into the 
pelvis (Fig. 4). These masses were clearly separated from the 
ovaries, which appeared normal. The main sonographic di- 
agnosis was periappendiceal abscess. In the other cases 
e (normal ovaries), small amounts of fluid were detected in the 
Douglas pouch as an isolated finding. 

In 17 patients, surgical exploration of the pelvis was per- 
formed within 48 hr of sonography; the other 24 were hospi- 
talized until symptoms resolved. All of these patients remained 
asymptomatic for follow-up periods of 6-63 months. 

Surgical exploration revealed torsion in 11 patients, hem- 





Fig. 2.—Oblique sonogram of right pelvis 
shows enlarged right ovary (arrows) in torsion. 
Note mixed components. 


Fig. 3.—Transverse sonogram of pelvis shows 
large, irregular mixed-type mass (arrows). Lapa- 
roscopy revealed hemorrhagic cyst. 
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orrhagic ovarian cyst in two, periappendiceal abscess in three, 
and acute appendicitis in one. Ovarian torsion occurred in 
seven previously normal ovaries, three ovaries with a cyst, 
and one ovary with tumor (fibroteratoma). The surgical pro- 
cedure consisted of detorsion in six of 11 cases. In three of 
these there was an associated cyst, which was aspirated in 
two instances and resected in one. Oophorectomy was 
needed in the remaining five cases. 

Ovarian enlargement was detected by sonography in all 11 
patients with torsion and in both patients with hemorrhagic 
ovarian cysts. The diagnosis of ovarian torsion was correctly 
established in seven cases and wrongly suggested in one 
case of hemorrhagic ovarian cyst, yielding a positive predictive 
value of 87.5% for this particular diagnosis. The possibility of 
torsion, with less emphasis on this specific condition, was 
mentioned by the sonologist in the remaining four cases of 
torsion and one case of hemorrhagic cyst. Sonography ex- 
cluded torsion of the ovary in 28 cases suspected clinically of 
this condition, yielding a specificity of 93.3%. In addition, 
sonography suggested correctly the presence of three periap- 
pendicular abscesses. 


Fig. 1.—Transverse (A) and longitudina! (B) 
sonograms of ovarian torsion in 7-year-old girl 
show left ovarian enlargement (5.7 x 3.2 x 2.9 
cm). Enlarged follicles (arrows) at periphery. 





Fig. 4.—Transverse sonogram of pelvis in girl 
with periappendicular abscess shows both nor- 
mal ovaries and semisolid mass (arrows) pos- 
teriorly. 
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Fig. 5.—Section of gross specimen of 4-year-old girl’s ovarium in 
torsion. Note swollen stroma and enlarged follicles. 


Discussion 


Torsion of the ovary is caused by partial or complete 
rotation of the ovarian pedicle on its axis. Arterial, venous and 
lymphatic supply and drainage are compromised, causing 
massive congestion of the ovarian parenchyma and eventual 
hemorrhagic infarction. Torsion may occur in normal ovaries, 
but is more common in ovarian cysts or tumors. These 
masses may act as a fulcrum to potentiate torsion of the 
ovary and fallopian tube [4, 5]. Schultz et al. [6] theorized 
that normal adnexa in girls may be especially mobile, allowing 
torsion at the mesosalpinx with changes in intraabdominal 
pressure or body position. The overall clinical picture is one 
of lower abdominal pain that subsides only to recur again 
within a few days or weeks. Anorexia, nausea, vomiting, 
constipation, diarrhea, and leukocytosis may be present [5, 
7]. A palpable mass is commonly present in the adult patient 
but is appreciated in only 50% of children [6], since a vaginal 
examination usually is not feasible. The differential diagnosis 
of ovarian torsion may include other surgical conditions such 
as appendicitis, Meckel diverticulum, and obturator hernia, as 
well as medical conditions such as regional ileitis, acute 
gastroenteritis, salpingitis, urinary colic or infection, and acute 
bursitis of the hip joint. Surgical intervention in these last 
conditions is unwarranted and often harmful [8, 9]. 

Sonographic findings including solid, cystic, and complex 
pelvic masses with and without fluid collection in the Douglas 
pouch were described as adnexal torsion. Although these 
findings are not specific, their presence in a child or a young 
woman with lower abdominal pain should raise the possibility 
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of adnexal torsion [10-12]. The only specific sonographic 
sign of torsion is demonstration of multiple follicles (8-12 mm 
in size) in the cortical portion of a unilaterally enlarged ovarium 
(Fig. 5). This multifollicular enlargement was attributed to 
transudation of fluid into the follicles as part of the congestion 
of the ovary from circulatory impairment. This feature has 
been detected by careful examination in up to 74% of torsion 
cases [12]. 

Ovarian enlargement is easy to determine: It is at least 34 
times larger than the average normal prepubertal ovarium and 
15 times larger than the adult ovarium. 

Diffuse swelling of the ovarian parenchyma with multiple 
enlarged follicles at the periphery was the sonographic ap- 
pearance in 64% of the cases of torsion in our series. This 
category of sonographic findings yielded a positive predictive 
value of 87.5% for the diagnosis of torsion, with a specificity 
of 93.3%. An ovarian mass of a mixed nature characterized 
the sonographic appearance of torsion in 46% of our cases 
of torsion. In these cases the diagnosis was less specific, and 
the possibility of torsion was considered in the differential 
diagnosis with simple cyst, hemorrhagic cyst, and dermoid 
cyst. 

Sonography is a useful technique to exclude the diagnosis 
of ovarian torsion and will facilitate prompt surgical interven- 
tion and salvage of the ovary. 
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Marcus J. Smith, 1918-1986 





Dr. Marcus J. Smith died May 25, 1986, 
after many months of courageous struggle 
against a slow but progressive form of Alz- 
heimer disease. Marc was born in New York 
City on December 14, 1918, where he re- 


ceived his primary education. He was 
awarded a Bachelor's degree from New York 
University, College of Arts and Science, and 
a medical degree from Long Island College 
of Medicine (SUNY). His internship was taken 
at King’s County Hospital in Brooklyn and his 
radiology residency was completed at the 


University of Minnesota, under the direction 
of Leo Rigler. Marc was always proud to 
have been “one of Leo's boys.” 

Dr. Smith served with distinction during 
World War Il and was with the first U. S. 
Army unit to liberate the concentration camp 
at Dachau, an event that was to have a 
profound influence on the remainder of his 
life. After many years of research, Marc wrote 
a heartrending account of Dachau, The Har- 
rowing of Hell, Dachau, that was published 
by The University of New Mexico Press in 
1972. 

After his discharge from military service 
and completion of residency training, Dr. 
Smith settled in Santa Fe, NM, where he 
practiced radiology, served as president of 
the St. Vincent Hospital Medical Staff and as 
president of the Santa Fe County Medical 
Society, and was a New Mexico editor of the 
Rocky Mountain Medical Journal for 20 
years. When the Rocky Mountain Medical 
Journal merged with the Western Journal of 
Medicine, Marc continued as a staff member 
with the Western Journal of Medicine. Dr. 
Smith was a fellow of the American College 
of Radiology and a member of the American 
Roentgen Ray Society and the Radiological 
Society of North America. 

In 1967, Charles C Thomas, Publisher, 
published Dr. Smith's milestone study, Error 


Memorial 





and Variation in Diagnostic Radiology, and in 
1977, Marc received a grant from the Na- 
tional Endowment for the Humanities to write 
a monograph of the history of medicine dur- 
ing New Mexico's territorial period. Addition- 
ally, Marc was a coauthor of a book on the 
lengthy history of St. Vincent Hospital in 
Santa Fe. 

Marc was a respected and much admired 
member of both the medical and lay com- 
munities in Santa Fe, and in addition to his 
love of medicine, he had a deep and lifelong 
love affair with music. He spent much of his 
spare time performing with or assisting the 
Santa Fe Chorus, First Presbyterian Church 
Choir, Santa Fe Concert Association, and the 
Santa Fe Opera. In 1985, he and his wife, 
Dr. Carol Smith, a Santa Fe pediatrician, were 
proclaimed by Santa Fe as living treasures 
for their many contributions to medicine and 
the arts in Santa Fe. 

Dr. Smith is missed by all of us who had 
the good fortune to practice with him here in 
Santa Fe. Marc is survived by his wife, Carol; 
four children: Patricia, Frederick, Peter, and 
Andrew; and a sister, Sylvia Rabinof. Our 
memory of Marc is well served by the legacy 
he left behind. 


Raphiel J. Benjamin 
Santa Fe, NM 87501 
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Acute Intracranial Hemorrhage: 
Intensity Changes on Sequential MR Scans 
at 0.5 T 





Thirty-seven patients underwent MR imaging at 0.5 T within 7 days of a CT-docu- 
mented intracranial hemorrhage. A total of 57 hematomas were evaluated. Twelve 
patients underwent serial scanning and 12 patients had multiple hemorrhages into 
different intracranial compartments. The appearances of the hematomas on spin-echo 
(SE) images with a short repetition time (TR) of 500 msec and short echo time (TE) of 
32 msec (SE 500/32), long TR/intermediate TE (SE 2000/60), and long TR/long TE (SE 
2000/120) were carefully evaluated with specific attention to the precise time after ictus. 
Hematomas showed heterogeneous, complex, rapidly changing intensities. There was 
a significant amount of variation among patients, especially between the third and 
seventh days. Hematomas studied between 12 and 24 hr after hemorrhage were mildly 
hyperintense on short TR scans and markedly hyperintense on long TR (intermediate 
and long TE) scans (stage |). These findings in acute hemorrhage have received little 
prior attention. Over the next 1-2 days, hematomas became iso- to mildly hypointense 
on short TR scans and markedly hypointense on long TR scans (stage ll). Hypointensity 
on long TR scans has previously been described at high field strengths; our communi- 
cation demonstrates that this phenomenon is seen routinely at intermediate field 
strengths as well. Hematomas became markedly hyperintense on short TR scans 
beginning on approximately the fourth day postictus and redeveloped hyperintensity on 
long TR scans approximately 5-6 days after ictus (stage Ill). By the end of the first week 
they were hyperintense on all pulse sequences (stage IV). 

MR findings on the first day after intracranial hemorrhage (in particular, subtle 
hyperintensity on short TR scans) probably allow for a specific diagnosis, while the 
variable, heterogeneous, and rapidly changing intensities noted between days 2 and 7 
are often less specific. 


The MR appearance of intracranial hemorrhage has been the subject of many 
communications. Findings in acute hemorrhage, particularly within 48 hr of ictus, 
remain controversial and incompletely delineated [1-9]. The intensity of hematomas 
is Known to be dependent on multiple factors including time from ictus and pulse 
sequence employed [1, 6, 7]. Recently, it has been suggested that the field strength 
of the MR imager may also affect intensity such that “acute” (under 7 days) 
hemorrhage may be detected more easily at ultralow (0.02 T) [4] or high (1.5 T) 
field strengths [5] than at intermediate field strengths (0.1-0.6 T). Unfortunately, all 
prior studies of acute hemorrhage are limited by the small number of patients 
evaluated in each series. Extrapolations from these limited data have led to 
confusing and often contradictory conclusions. To clarify the findings in acute 
hemorrhage on MR, we studied 37 patients within 1 week of an acute hemorrhagic 
ictus with specific attention to the precise relationship between the intensity of the 
lesion and the time from ictus. The implications of these findings on previously 
presented theories of hematoma intensity will be discussed, as will the efficacy of 
MR and CT in the clinical evaluation of patients with suspected acute intracranial 
hemorrhage (AIH). 
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TABLE 1: Relationship Between Time After Ictus and Cause and Location of Hemorrhage 


ee ee 








No. by Day 
Cause/Location Total 
1 2 3 4 5 6 7 
Cause: 

Trauma 0 2 3 6 2 3 5 21 
Hypertension 1 2 2 1 1 0 0 T 
Vascular? 1 1 0 0 0 2 1 5 
Neoplasm 0 1 0 1 0 0 0 2 
Idiopathic/miscellaneous?” 0 1 0 1 1 1 4 8 

Location of hematoma: 
Epidural 0 0 1 1 0 2 0 4 
Subdural 1 1 1 5 2 1 5 16 
Parenchymal 2 6 3 5 2 4 6 28 
Subarachnoid 0 2 0 1 0 1 1 5 
Intraventricular 1 2 1 0 0 0 0 4 
Total 4 11 6 12 4 8 12 57 


LL 


a Includes aneurysms, arteriovenous malformations, and venous angiomas. 


b Includes hemorrhage without known cause, venous thrombosis, and amyloid angiopathy. 


Subjects and Methods 


Thirty-seven patients were included in this study. In each case, a 
CT-documented hemorrhage had occurred within 1 week of the initial 
MR. The time from clinical ictus to MR imaging was identified as 
precisely as possible, as were the cause and location of the hemor- 
rhage (Table 1). All patients were evaluated on a 0.5-T MR imaging 
device.* When hematomas in multiple compartments (12 cases) were 
present, these were evaluated separately, since they often had 
different intensities (see Results). Serial studies (12 cases) were also 
evaluated individually and included within the overall tabulation. Thus, 
the total number of hematomas evaluated (57) exceeded the number 
of patients (37). T1-weighted spin-echo (SE) images with a short 
repetition time (TR) of 500 msec and short echo time (TE) of 32 msec 
(SE 500/32) were obtained in all cases. Moderately T2-weighted long 
TR/intermediate TE (SE 1500/90) single-echo images were obtained 
in the initial six patients, while the remaining 31 patients had multiecho 
scans with a TR of 2000 msec and two echoes (TE = 60-120 msec) 
or four echoes (TE = 30-120 msec). These scans were subdivided 
into long TR/intermediate TE images (for example, SE 2000/60), in 
which spinal fluid was gray, and long TR/long TE images (for example, 
SE 2000/120), in which spinal fluid was white. The intensity of the 
hemorrhages was qualitatively compared with that of white matter 
on all images. More precise quantitative measurements were not 
attempted, because hematomas showed quite heterogeneous inten- 
sities. The MR findings on each pulse sequence were compared with 
each other and with CT findings to determine the relative clinical 
efficacy of each pulse sequence and of MR, in general, when com- 
pared with CT in the evaluation of AIH. 


Results 


Hematomas undergo rapid, reversible changes in intensity 
that vary with the pulse sequences used. Therefore, relation- 
ships between time and intensity for each pulse sequence 
have been tabulated and are presented in graphic form (Fig. 
1). The effects of two additional factors, recurrent hemorrhage 
and site of hemorrhage, were also evaluated. 





a Technicare. 


Short TR/Short TE Images 


Hematomas evaluated 12-24 hr after an acute ictus (Fig. 
2) were subtly and uniformly hyperintense relative to white 
matter in three examples of AIH (Figs. 2C and 2D) and 
isointense in one case. The average intensity of AIH dimin- 
ished over the next 2 days (Fig. 1). Appropriately timed serial 
studies were not performed in any of these patients and, 
therefore, the diminishing intensity could not be demonstrated 
directly. Lesions studied at 24-48 hr had variable intensity, 
ranging from mild hypo- to mild hyperintensity (Fig. 3). The 
two hematomas that were hyperintense were evaluated early 
on the second day (30 and 32 hr, respectively). Hematomas 
studied on the third to fourth postictal day (Figs. 3-5) dem- 
onstrated the greatest variation; mild hyperintensity was the 
most commonly encountered pattern (Figs. 4C and 5B). Fea- 
tures were similar to those seen on day 1, except that small 
foci of more marked hyperintensity were often seen within 
these older hematomas (Fig. 3G). Thereafter, there was a 
dramatic and progressive increase in intensity (Fig. 6B), which 
was most prominent near the periphery of the hematoma. 
This phenomenon was directly observed in five patients stud- 
ied serially within the first week of ictus (Figs. 4E and 5E) and 
in another four patients in whom follow-up examinations were 
performed after 1 week (10-28 days). 


Long TR/Intermediate to Long TE Images 


Hematomas evaluated within 24 hr of ictus were typically 
hyperintense (Figs. 2E—2H); hypointensity was present in only 
one case studied at 24 hr. Thereafter, there was a dramatic 
decrease in intensity. Hypointensity was present in seven of 
11 hemorrhages evaluated during the second postictal day 
(Fig. 1). The four hematomas without hypointensity were in 
two patients with multiple hemorrhages evaluated before 36 
hr. On the third postictal day, hypointensity was seen in five 
of six hematomas, and the hypointense components were 
larger and/or darker than those seen on day 2 (Fig. 4D). The 


AJR:150, March 1988 


@---o TR500/ TE 32 
@—e TR2000/TE 60 
Markedly | 
Hyperintense 


Mildly | 
Hyperintense | 





ISOINTENSE > 





Mildly | 


Hypointense| 














Markedly | 
Hypointense 








A 


Fig. 1.—Time/intensity curves for acute intracranial hemorrhage. 
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A, All hematomas are plotted. Intensity on each day is given relative to white matter. Range of intensities is shown by vertical bars and mean intensities 
for all hematomas on each day are open circles (TR = 500 msec, TE = 32 msec) or solid circles (TR = 2000 msec, TE = 60 msec). 
B, Mean intensities only are plotted for SE 500/32 and SE 2000/60-120 scans. Cases in which multiple episodes of hemorrhage were present have 


been eliminated to simplify curves. 


development of hypointensity from days 1 to 3 was observed 
directly in four hematomas studied serially during this period 
(Figs. 3E and 3H). From days 4-7, there was a trend toward 
increasing intensity, but AIHs studied during this period 
showed the greatest variation in intensity on long TR images 
(Figs. 4 and 6). 


Comparison of Pulse Sequences 


There was poor correspondence between short and long 
TR scans. The intensities encountered within individual he- 
matomas were different, as was the degree of heterogeneity 
(Fig. 4). The timing and rate of change of intensity reversals 
were also different (note the differences in the slopes of the 
time/intensity curves in Fig. 1B). By contrast, hematomas had 
similar appearances on long TR/intermediate TE and long 
TR/long TE scans; the only discernible difference was accen- 
tuation of hypointensity on the long TE sequence (Figs. 5C 
and 5D). 


Additional Factors That Affect AIH Intensity 


The AIHs in 12 patients with CT and/or clinical evidence of 
multiple episodes of hemorrhages were more heterogeneous 
in appearance and more likely to vary from “typical” intensities 
than those encountered in patients with single hemorrhagic 
events (Fig. 4). The effect of hematoma location was analyzed 
by evaluating the patients with hemorrhages into multiple 
intracranial compartments. In nine of 12 cases, intensity dif- 
ferences were observed. The greatest differences occurred 
in patients in whom extraaxial or parenchymal hematomas 
were combined with hemorrhages into spinal fluid compart- 
ments (Fig. 3). In patients with simultaneous extraaxial and 
parenchymal hematomas, the intensities tended to be similar 
(Fig. 2). 


Discussion 


The MR features of AIH are complex, fascinating, and 
incompletely understood. Different investigators have re- 
ported a variety of findings and have come to often contradic- 
tory conclusions about the physical basis of these phenomena 
and their clinical implications [1-9]. In our judgment, this 
confusion and contradiction arise from attempts to extrapo- 
late general principles from very limited clinical and/or exper- 
imental data. This type of analysis worked well with CT, in 
which the densities of hematomas are relatively uniform and 
change slowly [10, 11]. However, the intensity patterns and 
shifts that occur with MR are much more complex. Hematoma 
intensity is typically heterogeneous, and changes rapidly and 
continuously during the first postictal week. Findings in our 
series indicate that these shifts are bidirectional (AIH decreas- 
ing and then increasing in intensity) and subject to significant 
variation among patients. Thus, general conclusions drawn 
from limited clinical experience have proved to be incorrect 
or, at least, incomplete. Previous attempts to reconcile con- 
tradictory findings have centered on the effects of extrinsic, 
equipment-dependent factors, such as variations in pulse 
sequences and, more recently, the field strength of the MR 
imager [4, 5]. Although these factors are undoubtedly impor- 
tant, their true contributions remain unclear. Data from our 
series indicate that at least some of the apparent discrepan- 
cies disappear when a large number of cases are analyzed 
with careful attention to both the precise time after ictus and 
the exact intensities encountered. These data also make it 
possible to gain a firmer understanding of the underlying 
biochemical changes that produce these alterations in inten- 
sity and to delineate four stages in AIH evolution, each with 
a typical pattern of intensity on multiple pulse sequences. 

On short TR/short TE scans, AIH is hyperintense relative 
to brain when studied between 15 and 24 hr (Fig. 2). The 
initial mild hyperintensity is unexpected, since most authors 
report that hematomas are iso- to hypointense relative to 
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Fig. 2.—Dural arteriovenous malformation, 
with parenchymal and subdural hemorrhage. CT 
was performed 9 hr after and MR 15 hr after 
hemorrhage. 

A and B, Unenhanced CT scans show right 
temporal parenchymal hematoma and right con- 
vexity and interhemispheric subdural hemato- 
mas. 

C and D, SE 500/32 images reveal both pa- 
renchymal (C) and subdural (D) hematomas to 
be mildly hyperintense to white matter. 

E and F, SE 2000/60 images. Hematomas are 
moderately hyperintense to white matter. 

G and H, SE 2000/120. Hematomas are mark- 
edly hyperintense. Hematomas are of equal in- 
tensity but subdural hematoma is better seen on 
MR than on CT because of superior anatomic 
display and absence of bone artifacts. Paren- 
chymal hematoma is seen on both studies but 
perhaps more easily characterized as hemor- 
rhagic on CT. Note subtle hypointense rims at 
margins of hematomas (arrows). 
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Fig. 3.—Traumatic epidural and subarachnoid 
hematomas. 

A and B, CT scans at 21 hr after trauma show 
hyperdense frontal epidural hematoma and focal 
left suprasellar subarachnoid hematoma (A). 

C, SE 500/32 scan at 36 hr. Epidural hema- 
toma is isointense to brain but easily detected; 
subarachnoid hematoma cannot be seen (nor 
was it seen on long TR images at this time). 

D and E, SE 2000/30 (proton-density) (D) and 
SE 2000/90 (heavily T2-weighted) (E) scans at 
36 hr. Epidural hematoma is hyperintense to 
brain. Nodules of hypointensity are seen within 
epidural and subgaleal hematomas. 

F and G, SE 500/32 scans at 72 hr. Subarach- 
noid hematoma is now hyperintense to white 
matter (F); epidural hematoma (G) is now mildly 
hypointense to white matter; medial hypointense 
rim (G) represents displaced dura (arrow). Epi- 
dural hematoma is well seen despite lack of 
contrast due to improved anatomic display. 

H, SE 2000/60 scan at 72 hr. Epidural and 
subgaleal hematomas have become markedly 
hypointense to white matter (compare with E). 
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Fig. 4.—Recurrent hypertensive thalamic 
hemorrhage. 

A, Initial CT scan 24 hr after initial ictus shows 
left thalamic hematoma. 

B, Follow-up study 1 day later because of 
increasing drowsiness shows recurrent hemor- 
rhage with enlargement of hematoma. 

C, SE 500/32 scan 72 hr after initial hemor- 
rhage. Lesion is predominantly hypointense with 
small central focus of hyperintensity. 

D, SE 2000/60 scan at the same time. Eccen- 
tric hypointense focus is noted in lateral aspect 
of hematoma. Curvilinear hypointensity is also 
noted within and at margin of hematoma (short 
arrows). More laterally placed linear hypointen- 
sity corresponds to internal capsule (long ar- 
row). 

E, SE 500/32 scan at 6 days. Hematoma is 
diffusely hyperintense. 

F, SE 2000/60 scan at 6 days. Lesion is pre- 
dominantly hyperintense with small focus of hy- 
pointensity near center of hematoma. Hypoin- 
tense rim marks edge of hematoma (arrow). 
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Fig. 5.—Hypertensive lenticular nucleus he- 
matoma. 

A, CT scan at 24 hr. 

B, SE 500/32 scan at 72 hr. Lesion is isoin- 
tense to white matter. 

C and D, SE 2000/60 (C) and SE 2000/120 (D) 
images at 72 hr. Nodular hypointense focus at 
center of hematoma is surrounded by hyperin- 
tensity. Since hypointense focus is smaller than 
hematoma seen on CT, peripheral hyperintensity 
represents combination of both hemorrhage and 
edema. 

E-G, Follow-up MR scans at 7 days. Hema- 
toma is diffusely hypointense on all sequences. 
Thin peripheral rim is seen at margin of lesion 
on SE 2000/60 (F) and SE 2000/120 (G) scans. 
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brain throughout this period [2, 5-7]. Careful review of pub- 
lished images, however, reveals subtle diffuse or focal hyper- 
intensity within hematomas that are generally characterized 
as isointense (see Fig. 1B of Dooms et al. [7]). The underlying 
basis of this finding is unclear. Hyperintensity on short TR/ 
short TE scans usually results from T1 shortening (relative to 
adjacent brain), and yet in vivo [1, 7, 12] and in vitro [12, 13] 
calculations indicate that T1 is initially prolonged relative to 
white matter. It seems likely, therefore, that the subtle hyper- 
intensity initially encountered on short TR/short TE scans is 
related to changes in other MR parameters. Since T2 prolon- 
gation does not generally produce hyperintensity on short 
TR/short TE scans [14, 15], high proton density must be 
considered the probable cause of this phenomenon. Hyper- 
intensity caused by high proton density may be directly ob- 
served on an SE 2000/30 (“proton-density”) scan (Fig. 3D). 
The high proton density of acute extravasated blood is prob- 
ably a reflection of the high water content of liquid blood 
before clot formation and retraction. 
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Fig. 6.—Birth trauma with retro-third ventric- 
ular subarachnoid and subdural hematoma. 

A, CT scan 3 days after birth. Subarachnoid 
hematoma is noted behind third ventricle. 

B, SE 500/32 image 6 days after birth. Retro- 
third ventricular hematoma is hyperintense. 
Small-convexity hematoma (arrows) could not 
be seen on CT. 

C and D, SE 2000/60 (C) and SE 2000/120 (D) 
images 6 days after birth. Hematoma becomes 
progressively less intense and mimics intensity 
of subcutaneous and intraorbital fat. Thus, retro- 
ventricular lesion could be confused with con- 
genital midline fat-containing lesion. 


Over the next day, the mean intensity diminishes, and by 
the end of the second day, hematomas are iso- to hypointense 
relative to brain (Fig. 3). This decrease in intensity (compare 
Figs. 2 and 3) may be from T1 prolongation. An alternate 
explanation, however, is that the T2 shortening that occurs 
during this period (see below) may be of sufficient magnitude 
to diminish intensity on these so-called T1-weighted short TR 
scans in which the TE is 32 msec. 

Between the third and fifth days after hemorrhage, the 
intensity on short TR/short TE scans dramatically and ab- 
ruptly increases so that hematomas become markedly hyper- 
intense (more prominently at the periphery than at the center 
of the AIH) in as little as 24 hr (Figs. 4-6). This phenomenon 
has been demonstrated in previous reports [1-8] and is 
believed to be secondary to a paramagnetic effect of the 
oxidative breakdown product methemoglobin, which begins 
to appear on about the third posthemorrhage day [16, 17]. 
By the end of the first week, all hematomas show marked 
hyperintensity on short TR/short TE scans. 
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On long TR scans, hematomas are more heterogeneous 
and show greater variation in intensity than on short TR 
scans. The lesions are generally hyperintense relative to brain 
when evaluated 12-24 hr after ictus (Fig. 2). Small nodules 
of hypointensity may be identified within the AIH, and a 
peripheral rim of hypointensity is commonly seen (Fig. 2). 
More generalized hypointensity, of variable degree and oc- 
cupying a variable amount of the hematoma (as identified by 
CT), develops late in the first or early in the second postictal 
day and becomes most marked by the third to fourth postictal 
day (Figs. 3-5). 

The inital hyperintensity and early conversion to hypoin- 
tensity were seen directly in serial studies in two of our 
patients (Fig. 3) and in one published example [18]. These 
serial changes were documented in an experimental hema- 
toma studied by Di Chiro et al. at 0.6 T [12]. The early 
hyperintensity on long TR scans is indicative of T2 prolonga- 
tion relative to normal brain. Whether this is a property of 
normal, nonflowing blood or represents some early postextra- 
vasation biochemical change is not known, but it is probably 
related to the fact that, as a fluid, blood has a higher water 
content and thus a longer T2 than normal brain tissue does. 
The subsequent development of hypointensity is indicative of 
T2 shortening. This phenomenon was initially described by 
Gomori et al. [5], who postulated that it was a paramagnetic 
effect of the deoxyhemoglobin within intact hypoxic RBCs. 
Paramagnetic T1 shortening does not occur with deoxyhe- 
moglobin despite the presence of four unpaired electrons, 
because its molecular structure does not allow the proximity 
(3 A) of unpaired electrons necessary to produce T1 short- 
ening [19]. Before cell lysis, however, the deoxyhemoglobin 
may produce T2 shortening because of its effect on magnetic 
susceptibility (the ratio between external applied magnetic 
field and the internal field generated by the sample). The 
intracellular deoxyhemoglobin produces stronger magnetic 
fields than those generated in the deoxyhemoglobin-free ex- 
tracellular space. This heterogeneity of magnetic field strength 
within the sample leads to the presence of local magnetic 
gradients between the intra- and extracellular spaces, result- 
ing in rapid dephasing (short T2) of protons that freely diffuse 
across the cell membrane [5, 20-22]. 

This hypothesis receives strong support from two inde- 
pendent sources. First, it has recently been demonstrated 
that the hypointensity within hematomas is seen more com- 
monly and extensively with gradient-echo pulse sequences 
than with long TR/long TE SE pulse sequences [21]. Gradient- 
echo scans are more sensitive to magnetic susceptibility 
effects because they are more dependent on T2* than on T2. 
Second, magnetic susceptibility effects of deoxyhemoglobin 
have been demonstrated in vitro with MR spectroscopy, even 
before the development of MR imaging [16, 20]. 

With MR spectroscopy, the degree of T2 shortening is 
proportional to the square of both the hemoglobin concentra- 
tion and the magnetic field strength [20, 22]. The in vitro data 
help to explain some of the phenomena encountered in our 
Clinical cases, but in other important ways are at variance 
with clinical experience. The dependence of intensity on the 
Square of the deoxyhemoglobin concentration is probably the 
cause of the variability of intensity (both within an individual 
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hematoma and between hematomas) as well as the rapid 
changes in intensity that occur over time. Unfortunately, the 
intensity patterns encountered at 0.5 T do not match those 
predicted by in vitro data. Hypoxic, intact RBCs are located 
at the center of hematomas, and thus central hypointensity 
should be the commonly encountered pattern [5]. In our 
experience, however, hypointense foci are often located ec- 
centrically (Fig. 4), and, as previously stated, a thin rim of 
hypointensity is seen at the margin of many clots (Figs. 2, 4, 
and 5). The eccentric location of the hypointense focus may 
reflect areas of recurrent hemorrhage (Fig. 4); one of the 
striking features in our series was the evidence of clinically 
silent rehemorrhage (as documented by serial CT and/or MR 
Studies demonstrating increase in hematoma size) in six 
cases. Given the apparent sensitivity of clot intensity to? 
deoxyhemoglobin concentration, even minimal rehemorrhage 
might significantly alter the intensity of the hematoma. 

The hypointense peripheral rim is more puzzling. This phe- 
nomenon has been described in chronic hemorrhage, where 
it is said to reflect a magnetic susceptibility effect of hemosid- 
erin within macrophages in the capsule of aging hematomas 
[5]. The hypointense rim in acute hematomas is less promi- 
nent but otherwise similar in appearance. At this stage of 
hematoma evolution, hemosiderin-laden macrophages are not 
present [23-25]; thus, another explanation for this phenom- 
enon must be sought. Edelman et al. [21] noted this hypoin- 
tense rim and suggested that it might represent a border- 
zone phase-shift phenomenon. In our experience, similar rims 
have also been seen at the margin of all abscesses and some 
metastatic foci [26, 27]. Pathologic studies in these cases 
have demonstrated the presence of macrophages, but with- 
out hemosiderin. We believe that this represents a paramag- 
netic effect of free radicals produced by macrophages during 
active phagocytosis [27] and believe it may account for the 
rim hypointensity encountered in acute hematomas as well. 

A far more striking and troubling discrepancy between 
predictions based on in vitro MR spectroscopy and clinical 
data is the dependence of magnetic susceptibility on the 
square of the field strength of the MR unit [20, 22]. This led 
Gomori et al. [5] to state that hypointensity would be seen 
only at high field strengths (1.5 T). This is clearly not the case 
in clinical practice. Hypointensity is routinely seen on inter- 
mediate-field-strength systems (0.35-0.6 T), as demonstrated 
by us (Figs. 3-5) and in other publications [8, 12, 18, 21], 
even though magnetic susceptibility is theoretically one-ninth 
that seen at 1.5 T. More surprisingly, acute hematomas 
Studied at 0.15 T (magnetic susceptibility 1/100 that seen at 
1.5 T) and even at 0.02 T (magnetic susceptibility 1/5625 that 
seen at 1.5 T) also demonstrate mild hypointensity (see Fig. 
2E of Sipponen et al. [1], Fig. 2C of DeLaPaz et al. [3], and 
Figs. 1B and 6C of Sipponen et al. [4]). Based on a compari- 
son of published images, it appears that the degree of hy- 
pointensity does indeed vary with field strength, but to a 
lesser extent than that predicted by in vitro studies. The 
discrepancy between experimental prediction and clinical ob- 
servation should not come as a complete surprise, given the 
complexity of hemorrhagic brain lesions. Reactive changes 
within and/or adjacent to hematomas could modify the inten- 
sities encountered on clinical images. Additional factors, un- 


660 ZIMMERMAN ET AL. 


affected by field strength, could thus contribute to the devel- 
opment of hypointensity at low fields or militate against full 
expression of hypointensity at high field strengths, lessening 
the dependence of intensity on field strength. 

The next major change in hematoma intensity on long TR 
scans is the redevelopment of hyperintensity (Figs. 4 and 5), 
which begins on approximately the fourth postictal day. (This 
reversal of intensity may occur quickly; that is, in 24-48 hr.) 
Thus, hematomas pass through a second isointense phase 
(Fig. 6) to become hyperintense relative to brain by the end 
of the first week. The redevelopment of hyperintensity is a 
result of RBC lysis. The overall deoxyhemoglobin concentra- 
tion decreases and deoxyhemoglobin becomes homogene- 
ously distributed in the extracellular space. This eliminates 
the heterogeneous magnetic field, and thus local magnetic 
gradients within the sample disappear. The increased inten- 
sity, therefore, results from a simple subtraction of the T2 
shortening effect of the intracellular deoxyhemoglobin; the 
intrinsically prolonged T2 of blood is unmasked and the 
intensity returns to its initial high level. Additional prolongation 
of T2 during this period may result from an increase in water 
within the hematoma as cells lyse and the clots age [23, 24]. 
It is important to remember that the increase in intensity that 
occurs on long TR scans during this period is not caused by 
the presence of methemoglobin, which produces the nearly 
simultaneous increase in intensity seen on short TR scans. 
The paramagnetic effect of methemoglobin produces marked 
T1 and, to a lesser extent, T2 shortening. On long TR scans, 
all intracranial soft tissues have undergone complete inter- 
pulse recovery; thus, a decrease in T1 does not increase the 
intensity of the hemorrhage relative to brain. The T2 short- 
ening effect of methemoglobin should actually cause dimin- 
ished signal intensity, but this effect is obviously overcome 
by more powerful determinants of T2. High proton density 
may also contribute to the increased intensity encountered 
on long TR scans at this stage, especially when used in 
conjunction with a short or intermediate TE. 

In addition to these already complex phenomena, two 
additional factors significantly affect hematoma intensity. The 
first factor is recurrent hemorrhage, which is extremely difficult 
to diagnose in any individual case because rapid intensity 
changes occur with (Fig. 4) or without (Fig. 5) rehemorrhage. 
In general, rehemorrhage appears to be a major source of the 
heterogeneity and variability of hematoma intensity. The ad- 
mixture of extravasated blood of various ages probably ac- 
counts for the almost random pattern of heterogeneous inten- 
sity encountered within recurrent hemorrhages (Fig. 4). The 
presence of unsuspected preexisting hemorrhage and the 
development of postictal rehemorrhage explain, at least in 
part, the overall variations in intensity encountered among 
different patients. For instance, MR performed in an elderly 
patient 60 hr after the onset of mild hemiparesis and obtun- 
dation demonstrated a large subdural hematoma that was 
“prematurely” hyperintense on short TR/short TE scans. It is 
most likely, given the patient’s clinical and CT findings, that 
this was a rehemorrhage into a clinically silent chronic sub- 
dural hematoma. Postictal rehemorrhage may account for the 
persistence of hypointensity on long TR scans into the sixth 
and seventh days in five of the examples of rehemorrhage 
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evaluated in our series (Fig. 4F). 

The other source of intensity variation is the location of the 
hematoma. When time/intensity relationships for AIH in differ- 
ent intracranial compartments were studied, no clear trends 
were discerned, but, when scans demonstrating hemorrhage 
into multiple compartments were evaluated, it was noted that 
the intensities were different in nine of 12 cases. This differ- 
ence was most marked when hemorrhage into a spinal fluid 
compartment (intraventricular or subarachnoid) was seen in 
conjunction with either a parenchymal or extraaxial hematoma 
(Fig. 3). Subarachnoid hemorrhage was particularly difficult to 
detect on MR. Acute (under 3 days) and/or diffuse subarach- 
noid hemorrhage could not be detected (Fig. 3C). This poor 
visualization of diffuse subarachnoid hemorrhage has already 
been noted [3, 13]. Some investigators have ascribed it to 
the higher oxygen tension of CSF when compared with brain, 
which leads to a low deoxyhemoglobin concentration [28, 
29]. In the absence of deoxyhemoglobin, T2 shortening and 
hypointensity do not develop during the acute posthemor- 
rhage period. Another factor that may contribute to the poor 
visualization of diffuse subarachnoid hemorrhage is the effect 
of spinal fluid pulsation on observed intensity. Recent studies 
indicate phase-shift effects of spinal fluid pulsation may con- 
tribute significantly to the observed intensity within spinal fluid 
spaces [30]; therefore, it is possible that the effects of hem- 
orrhage on spinal fluid intensity might be masked. 

In summary, the complexity of the intensities encountered 
in AIH is a true reflection of the complex biochemical changes 
that occur during the first posthemorrhagic week. These 
changes are clearly interdependent, but the extent to which 
each occurs, the timing of the occurrence, and the location 
within an individual hematoma vary. The overall intensity and/ 
or specific intensity pattern encountered within any individual 
hematoma will, therefore, reflect the nearly unique interplay 
of these factors at one particular moment. Under these cir- 
cumstances, the variable, heterogeneous, and somewhat un- 
predictable appearance of these lesions is to be expected. 

Since a wide range of intensities are encountered in AIH, it 
is obvious that no single sequence and no single intensity can 
characterize acute hemorrhage. It is, however, possible to 
define characteristic (although not necessarily specific) com- 
binations of intensities on multiple-pulse sequences at four 
different stages of AIH evolution: 

Stage | (under 24 hr)—subtle hyperintensity on short TR/ 
short TE scans and moderate to marked hyperintensity on 
long TR/intermediate TE and long TR/long TE scans, respec- 
tively (Fig. 2). This combination is relatively specific (especially 
when a thin, hypointense rim is also present), since most 
lesions hyperintense on long TR scans are hypo- to isointense 
on short TR scans. 

Stage Il (1-3 days)—iso- to mild hypointensity on short 
TR/short TE scans and marked hypointensity on long TR/ 
intermediate to long TE scans (Figs. 3-5). Although charac- 
teristic, this pattern is not as specific as previously suggested 
[5]. Marked hypointensity may also be encountered in densely 
calcified lesions [31] and noncalcified nonhemorrhagic gran- 
ulomatous masses [26, 32, 33]. 

Stage Ill (4-6 days)—hyperintensity on short TR/short TE 
images and markedly variable intensity on long TR/interme- 
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diate to long TE scans. When marked hypo- or hyperintensity 
are present on long TR scans, hemorrhage may be diagnosed 
with confidence; however, if scans are obtained just as inten- 
sity is beginning to increase on long TR scans, findings may 
be indistinguishable from those seen in fat-containing lesions 
(Fig. 6). 

Stage IV (more than 6-7 days)—hyperintensity on short 
TR/short TE and long TR/intermediate-to-long TE scans. This 
combination is considered specific, but it may be encountered 
rarely in intracranial dermoids [34]. 

The ability to detect and characterize hematomas is de- 
pendent on anatomy as well as intensity; therefore, the degree 
to which a lesion distorts normal anatomy also has a signifi- 
cant effect on hematoma detection. Subarachnoid hemor- 
rhage is difficult to visualize on MR, not only because it fails 
to alter intensity, but also because it fails to produce anatomic 
distortion (Fig. 3). Parenchymal hematomas (Fig. 2) are always 
detected on MR, but they may be difficult to specifically 
characterize as hemorrhagic lesions; conversely, extraaxial 
hematomas (subdural and epidural, Figs. 2 and 3) have char- 
acteristic and relatively specific anatomic configurations that 
make the diagnosis of hematoma possible regardless of in- 
tensity. In fact, because of the absence of bone artifacts and 
the excellent contrast between brain and adjacent spinal fluid, 
small, extraaxial hematomas are detected much more easily 
on MR than on CT (Fig. 2) [6, 35]. 

In conclusion, the complex nature of the intensity changes 
encountered in acute intracranial hemorrhage and the diffi- 
culty in distinguishing some of these changes from those seen 
in other lesions suggest that CT will remain the procedure of 
choice as the screening test in the evaluation of any patient 
suspected of acute intracranial hemorrhage. Once the hem- 
orrhagic nature of the lesion is identified on CT, MR can be 
used to increase diagnostic information by more accurately 
demonstrating the extent of the abnormality, assessing the 
time from hemorrhage, and detecting the presence of under- 
lying lesions. 
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MR Imaging of Head Trauma: 
Review of the Distribution and 
Radiopathologic Features of 
Traumatic Lesions 





The distribution and extent of traumatic lesions were prospectively evaluated with 
MR imaging in 40 patients with closed head injuries. Primary intraaxial lesions were 
classified according to their distinctive topographical distribution within the brain and 
were of four main types: (1) diffuse axonal injury (48.2%), (2) cortical contusion (43.7%), 
(3) subcortical gray-matter injury (4.5%), and (4) primary brainstem injury (3.6%). Diffuse 
axonal injury most commonly involved the white matter of the frontal and temporal 
lobes, the body and splenium of the corpus callosum, and the corona radiata. Cortical 
contusions most frequently involved the inferior, lateral, and anterior aspects of the 
frontal and temporal lobes. Primary brainstem lesions were most commonly seen in the 
dorsolateral aspects of the rostral brainstem. The pattern and distribution of primary 
lesions seen by MR were compared with those expected from previous pathologic 
studies and found to be quite similar. Our data and review of the literature would also 
indicate that MR detects a more complete spectrum of traumatic lesions than does CT. 
Secondary forms of injury (territorial arterial infarction, pressure necrosis from increased 
intracranial pressure, cerebral herniation, secondary brainstem injury) were also visible 
by MR in some cases. The level of consciousness was most impaired in patients with 
primary brainstem injury, followed by those with widespread diffuse axonal injury and 
subcortical gray-matter injury. The best MR imaging planes, pulse sequences, and 
imaging strategies for evaluating and classifying traumatic lesions were evaluated, and 
the mechanisms by which traumatic stresses result in injury were reviewed. 

MR was found to be superior to CT and to be very effective in the detection of 
traumatic head lesions and some secondary forms of injury. While T2-weighted images 
were most useful for lesion detection, T1-weighted images proved to be most useful for 
anatomic localization and classification. 


In the last decade CT has played a critical role in the diagnostic evaluation of 
patients with closed head trauma, providing an accurate means of diagnosing 
potentially reversible intracranial hematomas [1-10]. Despite fulfilling this important 
role, CT has been less helpful in the detection and characterization of many types 
of traumatic lesions. It is apparent from pathologic studies that CT underestimates 
the severity of many forms of cerebral injury such as primary brainstem injury, 
nonhemorrhagic cortical contusion, and diffuse axonal injury [3, 5, 10-18]. Although 
autopsy studies have been helpful in characterizing the distribution and morphology 
of these lesions, they only reflect the nature of the disease in the most severely 
injured patients. 

Since CT cannot accurately assess the full spectrum of lesions in patients, it has 
not been possible to develop clinically useful CT imaging criteria for classifying and 
staging the severity of cranial trauma [10, 13, 16-18]. MR, however, has been 
shown to be highly sensitive in detecting both hemorrhagic and nonhemorrhagic 
lesions [16]. With this new method, it should now be possible to accurately identify 
all types of traumatic lesions, classify them, and stage their extent in the living 
patient. 

The purpose of this study was to determine the ability of MR to prospectively 
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identify and characterize the traumatic intraaxial lesions found 
in 40 patients with closed head trauma by using a simple 
anatomic and topographic method of classification. The lo- 
cation, frequency, and distribution of all visualized lesions 
were compared with that expected from postmortem and 
animal studies. The best imaging planes and pulse sequences 
for evaluating each category of traumatic lesion were as- 
sessed. We also reviewed the mechanisms by which trau- 
matic stresses result in cerebral injury. 


Subjects and Methods 


A prospective MR study of 40 patients with acute closed head 
trauma was initiated after approval of the protocol by our hospitals’ 
institutional review board. A more complete description of the study 
methodology is provided in the first article in this two-part report 
[16]. The ages of the patients ranged from 1 month to 82 years 
(mean, 26.6 years). The severity of injury, as measured by the 
admission Glascow Coma Scale (GCS), varied from 3 to 14 (mean, 
9.8). MR scans were obtained as soon as possible after injury, unless 
the patients were medically or neurologically unstable. Twelve pa- 
tients were examined with MR while being mechanically ventilated 
with a nonferromagnetic fluidic ventilator, as described by Dunn et 
al. [19]. 

Contiguous nonenhanced 8-mm CT scans were obtained in all 
patients within the first 24 hr of admission with a fourth-generation 
scanner.* MR scans were obtained with a 0.5-T system.’ Contiguous 
10-mm scans were obtained by using an interleaved multislice tech- 
nique with two-dimensional Fourier reconstruction. Both T1- and T2- 
weighted pulse sequences were used in most patients. T2-weighted 
images were obtained by using a spin-echo sequence with a repetition 
time (TR) of 2300-2900 msec and echo time (TE) of 80-120 msec. 
T1-weighted images were obtained with either an inversion-recovery 
sequence with TR = 2000-2300 msec and inversion time (TI) of 500- 
600 msec or a spin-echo sequence with TR = 400-1000 msec, TE 
= 25-40 msec. Thirty-four patients were examined with two or more 
imaging planes, while six were studied with only one plane of imaging. 
Thirty-nine patients were studied in the transverse plane, while 31 
and five patients, respectively, were studied in the coronal and sagittal 
planes. 

An attempt was made to differentiate primary lesions (resulting 
from the initial traumatic force) from secondary ones (caused by 
diffuse brain swelling and edema, brain displacement and herniation, 
delayed hemorrhage, cerebral infarction, diffuse hypoxic injury) (Table 
1) [11-13]. In many cases distinction between primary and secondary 
lesions was difficult. For purposes of statistical analysis, however, all 
focal abnormalities that were not obviously secondary in nature were 
classified as primary lesions. Primary intracranial lesions were clas- 
sified according to the method outlined in Table 1. Primary intraaxial 
lesions were further subclassified by their location: (1) diffuse axonal 
injury (white-matter “shear” injury) (Figs. 1 and 2), (2) cortical contu- 
sion (Figs. 1-4), (3) subcortical gray-matter injůry (Fig. 4), and (4) 
primary brainstem injury (Fig. 5) [16]. 

For statistical purposes, two MR criteria were used to classify a 
lesion as hemorrhagic. On T1-weighted scans, the shortening of the 
T1 relaxation time by methemoglobin within the hematoma had to be 
of sufficient degree that the hematoma was at least partially hyper- 
intense relative to white matter. On T2-weighted images, we required 
evidence of central hypointensity (relative to brain parenchyma) within 
the hematoma. As described by Gomori et al. [20], the central 
hypointensity appears to be secondary to preferential T2 proton 





* Picker 600 and 1200 scanners, Picker International, Highland Heights, OH. 


t Picker International, Highland Heights, OH. 
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TABLE 1: Classification of Traumatic Intracranial Lesions 





Types and Locations of Lesions 


Primary lesions: 
Intraaxial: 
Diffuse axonal injury 
Cortical contusion 
Subcortical gray-matter injury 
Primary brainstem injury 
Extraaxial hematomas: 
Subdural 
Epidural 
Diffuse hemorrhage: 
Subarachnoid 
Intraventricular 
Secondary lesions: 
Pressure necrosis (secondary to brain displacement and herniation) 
Territorial arterial infarction 
Diffuse hypoxic injury 
Diffuse brain swelling 
Boundary and terminal zone infarction 
Other (e.g., fatty embolism, secondary hemorrhage, infection) 





relaxation enhancement caused by either deoxyhemoglobin or met- 
hemoglobin within intact RBCs. 

The MR and CT examinations were initially analyzed separately 
and then compared to determine the relative sensitivities of the 
imaging studies. These data constitute the substance of an accom- 
panying report [16]. The frequency, anatomic distribution, and extent 
of all the major types of primary traumatic lesions were assessed on 
the MR images and compared with that expected from postmortem 
and animal studies [3, 11-15, 17, 21-30] to determine their conform- 
ity with previously hypothesized mechanopathologic theories of in- 
jury. The best MR imaging planes, pulse sequences and imaging 
strategies were determined from analysis of the data. 


Classification, Characterization, and Localization of 
Primary Traumatic Lesions 


Diffuse Axonal Injury 


The most common type of primary lesion identified in this 
series was diffuse axonal injury [11, 14-17, 21-28]. Lesions 
classified in this category had to spare the overlying cortex 
and be localized to the white matter or gray/white-matter 
interface (corticomedullary junction). Diffuse axonal injury typ- 
ically was characterized by diffuse, small, focal abnormalities 
limited to white-matter tracts. These lesions constituted 
48.2% of all traumatic lesions in this series (Table 2) (Figs. 1 
and 2). When present they tended to be multiple, with 50.3% 
of lesions found in the 15 patients with the most severe initial 
impairment of consciousness. Although most of the lesions 
were nonhemorrhagic, 18.8% did contain small central foci of 
blood. Hemorrhage within diffuse axonal lesions occurred 
more often in those portions of the white matter with the 
greatest vascularity. While 25.0% of capsular and 19.7% of 
lobar white-matter lesions were hemorrhagic, only 10.7% of 
the diffuse axonal lesions in the less vascular corona raciata 
contained blood. The size of diffuse axonal lesions ranged 
from 5 to 15 mm and varied with location. Peripheral lesions 
tended to be smaller than central ones. The shape of the 
lesions was usually ovoid to elliptical with the long axis parallel 
to the direction of the fiber bundles (Figs. 1 and 2). They were 
typically found near the corticomedullary interface of the lobar 
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A 


Fig. 1.—25-year-old man 4 days after trauma. Axial T1-weighted inver- 
sion-recovery (TR = 2100 msec, TI = 600 msec) MR image (A) and axial 
(B) and coronal (C) T2-weighted spin-echo (TR = 2300 msec, TE = 80 
msec) MR images. Multiple bilateral diffuse axonal lesions are at cortico- 
medullary interface of frontal, parietal, and temporal lobes (arrowheads). 

C, Coronal T2-weighted MR image aids in lesion classification by helping 
to confirm that diffuse axonal lesions are within white matter, rather than 
at depths of cortical sulci. Note sparing of overlying cortex. Larger ovoid 


Fig. 2.—35-year-old man 4 days after trauma. 
Axial T1-weighted inversion-recovery (TR = 
2100 msec, TI = 600 msec) MR image (A) and 
axial T2-weighted spin-echo (TR = 2300 msec, 
TE = 80 msec) MR image (B) show large ovoid 
diffuse axonal lesion in splenium of corpus cal- 
losum (curved arrows). Callosal diffuse axonal 
lesions were most common in this location. Also 
noted is small temporal lobe cortical contusion 
(straight arrows) that is difficult to identify on 
T1-weighted image (A). Four-day-old interhemi- 
spheric subdural lesion (black arrow in A) is 
more clearly seen at this age on T1-weighted 
scan. 


white matter or in the large white-matter fiber bundles (corona 
radiata, corpus callosum, internal capsule). 

The majority of the diffuse axonal lesions (50.3%) were 
located adjacent to the gray matter in the lobar white matter. 
The frontal and temporal lobes were involved most commonly, 
with 48.0% and 30.7% of lesions, respectively, located in 
these regions (Table 2). The parietal lobes, occipital lobes, 
and cerebellum were involved less often. The lesions of the 
frontal white matter were distributed equally along the supe- 
rior, inferior, and lateral aspects of this lobe. White-matter 
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C 


diffuse axonal lesion (solid arrow) is present in corona radiata, oriented 
parallel to direction of fiber tracts. Typical cortical contusion is present in 
inferolateral aspect of temporal lobe (open arrow). Note.—Contusion is 
cortically based and displaces uninvolved white matter. Peripheral zone of 
nonhemorrhagic injury is around central hypointensity of hematoma (open 
arrow). Hypointensity of acute hematoma at 0.5 T is always less pro- 
nounced than at higher field strengths. 





lesions in the temporal lobe tended to lie adjacent to the 
temporal horn of the lateral ventricle (Fig. 1). 

The corpus callosum was the second most common area 
involved in diffuse axonal injury (21.5% of lesions). The vast 
majority (71.9%) of callosal lesions were found in the splenium 
(Fig. 2). Although the splenial lesions were usually unilateral 
and slightly eccentric to the midline, in several instances 
involvement was bilateral. These lesions were most clearly 
imaged on highly T1-weighted (inversion-recovery or spin- 
echo) axial scans. There was a very strong association be- 
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Fig. 3.— 18-year-old man. 

A, Axial CT scan the day of trauma appears essentially normal except for small petechial hemorrhages (arrows) in medial temporal and inferior frontal 
lobes. Note slight medial displacement of uncus of left temporal lobe. 

B and C, Axial T2-weighted spin-echo scans (TR = 2300 msec, TE = 80 msec) 5 days after trauma. Areas of abnormality (hemorrhagic contusions) are 
much more extensive on MR. Hemorrhagic areas (black arrows) are surrounded by much larger regions of nonhemorrhagic injury. Lesion in right temporal 
uncus (white arrow) could either represent primary cortical contusion or be secondary to pressure necrosis from transtentorial herniation. 





A 


tween the presence of corpus callosum lesions and intraven- 
tricular hemorrhage (IVH). While only 8.7% of the 23 patients 
without callosal lesions had IVH, 52.9% of the 17 patients 
with callosal lesions demonstrated IVH. The sizes of diffuse 
axonal lesions in the corpus callosum were usually larger than 
those in other locations. 

Of the diffuse axonal lesions, 18.8% were located in the 
corona radiata, with slightly more than half in its posterior 
portion. These were usually slightly larger than those located 
more superficially in the lobar white matter. Only 8.1% of 
diffuse axonal lesions were in the capsular region, with most 


Fig. 4.—15-year-old girl. Axial T1-weighted 
inversion-recovery (TR = 2100 msec, TI = 600 
msec) MR images 6 days after trauma show 
multiple hemorrhagic cortical contusions along 
inferolateral aspects of frontal and temporal 
lobes (arrowheads). Hemorrhagic nature of con- 
tusions is evident by short T1 of methemoglobin 
within hematomas. Peripheral nonhemorrhagic 
zone of injury and edema (open arrow) is hy- 
pointense because of its long T1. Note hemor- 
rhagic subcortical gray-matter lesion in thalamus 
(curved arrow). This type of lesion may result 
from shear-strain disruption of perforating blood 
vessels. 


of these involving the posterior limb of the internal capsule. 
Most internal capsule lesions were found at its junction with 
the cerebral peduncle. 


Cortical Contusions 


The second most common type of traumatic lesion was the 
cortical contusion [13, 16, 17, 24-30]. To be placed in this 
category, the lesion had to (1) primarily involve the superficial 
cortex; (2) show relative sparing of the underlying white 


matter; (3) have a dural or osseous base; and (4) have a 
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Fig. 5.—Primary brainstem injury. 

A and B, Axial CT scan the day of trauma (A) and T1-weighted spin-echo MR image (TR = 1000 msec, TE = 40 msec) 2 days after trauma (B) in 21- 
year-old man. Lesion in dorsolateral aspect of midbrain (arrows) is typical in location for primary brainstem injury. Although lesion is clearly seen on CT 
scan it was seen on MR only retrospectively. 

C, Coronal T2-weighted MR image (TR = 2300 msec, TE = 80 msec) 5 days after trauma reveals central area of abnormality in pons (arrowhead) and 
large traumatic lesion in right cerebral peduncle (solid arrow). Also noted is large cortical contusion in lateral aspect of temporal lobe (open arrow). 


TABLE 2: Diffuse Axonal Injury—Frequency and Distribution of 
Lesions 
Le oo eee Se Re te ee e E a ES 


No. of Lesions 
Location — $$ 
Hemorrhagic Nonhemorrhagic Total 


Corona radiata (n = 28): 





Anterior 1 11 12 

Posterior 2 14 16 
Corpus callosum (n = 32): 

Genu 0 3 3 

Body 4 2 6 

Splenium 2 21 23 
Capsule (n = 12): 

Internal 2 f 9 

External 1 2 3 
Lobar white matter (n = 71): 

Frontal 8 28 36 

Temporal 4 19 23 

Parietal 2 5 7 

Occipital 0 5 5 
Cerebellum (n = 4) 1 3 4 
Other (n = 2) 1 1 2 

Total 28 121 149 


Umo me ae a ae = es E 


shape, character, and anatomic distribution not compatible 
with an infarct. Cortical contusions represented 43.7% of all 
primary lesions (Table 3) (Figs. 1-5). Cortical contusions also 
tended to be multiple, with 54.8% of lesions found in 20% of 
the study patients. Unlike diffuse axonal injury, cortical con- 
tusions were less likely to be associated with severe initial 
impairment of consciousness, as measured by the admission 
GCS scores. A much higher percentage of cortical contusions 
(51.9%) were hemorrhagic than were diffuse axonal injury 
lesions (18.8%). This may reflect the greater vascularity of 
gray matter. The hemorrhagic foci tended to be multiple, 
irregular, often confluent regions found within larger nonhem- 
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orrhagic zones of injury (Figs. 1, 3, and 4). Hemorrhagic 
lesions were more often distributed along the inferolateral 
surfaces of the frontal and temporal lobes (Table 3). 

The temporal lobe was the most common site of cortical 
contusions (45.9% of lesions). Although the lateral aspect of 
the temporal lobe was the region most often injured, a signif- 
icant percentage of lesions was also found along the medial 
surface and anterior pole. In this series, only 9.7% of temporal- 
lobe contusions primarily involved the inferior surface. The 
frontal lobe was the second most common site for contusions 
(31.1% of lesions). The vast majority of these lesions were 
found along the lateral aspect of this lobe or in a subfrontal 
location just above the lesser sphenoid wing and planum 
sphenoidale. The frontal pole was seldom involved. 

The parietooccipital lobes and cerebellum were the sites of 
13.3% and 9.6% of cortical contusions, respectively. Those 
in the parietooccipital region were most prevalent along the 
lateral convexity. Cerebellar lesions typically involved the su- 
perior vermis, tonsils, and inferior aspects of the hemispheres. 


Subcortical Gray-Maiter Lesions 


Fourteen traumatic lesions were localized to the subcortical 
gray matter, representing only 4.5% of all primary lesions 
(Fig. 4). A higher percentage of these lesions (57.1%) were 
hemorrhagic as compared with any other type of lesion. This 
is most likely due to the high vascularity of this portion of the 
brain, supplied by a rich network of perforating vessels. The 
majority of these lesions were confined to the thalamus (Table 
4). The severity of neurologic impairment for the eight patients 
with this type of injury was greater (mean GCS = 7.6) than 
that for all patients in this series (mean GCS = 9.8). The 
mechanism for production of this type of lesion may be the 
same as that for a similar category of lesions described by 
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TABLE 3: Cortical Contusion—Frequency and Distribution of 
Lesions 





No. of Lesions 
Location ee en a 
Hemorrhagic Nonhemorrhagic Total 





Frontal lobe (n = 42): 


Inferior 14 6 20 
Superior 3 0 3 
Medial 1 2 3 
Lateral 10 3 13 
Pole 1 2 K 
Temporal lobe (n = 62): 
Inferior 5 1 6 
Medial 5 13 18 
Lateral 10 13 23 
Pole 6 9 15 
Parietooccipital (n = 18): 
Medial 3 1 4 
Lateral 6 5 11 
Superior 2 1 3 
Cerebellum (n = 13): 
Hemisphere 3 5 8 
Vermis 1 4 5 
Total 70 65 135 





Adams et al. [11, 27, 28]. They described a diffuse type of 
injury characterized by multiple petechial hemorrhages pri- 
marily located in the ventral brainstem, basal ganglia, and 
frontotemporal white matter. These lesions are most often 
seen in severely injured patients who die shortly after head 
injury. It was postulated by Adams et al., and consistent with 
the predictions of Holbourn [24, 25], that this form of injury 
may be secondary to disruption of multiple small perforating 
blood vessels (Fig. 4B). 


Primary Brainstem Lesions 


Ten patients (11 lesions) were thought to have lesions of 
the brainstem (Table 5) (Fig. 5) that were believed to have 
been caused by the initial traumatic force [12, 26-28, 31- 
33]. This group of patients generally had multiple other le- 
sions, most of which were typical of diffuse axonal injury. 
Only two (18.2%) of the brainstem lesions were hemorrhagic. 
The severity of initial impairment of consciousness in this 
group of patients was greater than that for any other group. 
The mean initial GCS for these patients was 7.0. Five patients 
had focal neurologic findings that were anatomically compat- 
ible with the lesion imaged by MR. The other five patients had 
altered levels of consciousness but no focal neurologic find- 
ings. The majority of primary brainstem lesjons (six of 11) 
were localized to the dorsal and lateral aspects of the rostral 
brainstem (midbrain and rostral pons) (Table 5). These lesions 
are most likely from diffuse axonal injury of the brainstem 
secondary to rotationally induced shear strains [26-28]. 


Classification, Characterization, and Localization of 
Secondary Brain Injury 


Although the thrust of this article is concerned with primary 
forms of injury, we did observe several instances of secondary 
forms of injury that must be differentiated from primary lesions 
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TABLE 4: Subcortical Gray-Matter Lesions—Frequency and 

Distribution 

ARE SR Bn ET PS: SS A RS SS TE 
No. of Patients 





Location 
Hemorrhagic Nonhemorrhagic Total 
Thalamus 6 3 9 
Caudate nucleus 0 0 0 
Lentiform nucleus: 

Globus pallidus 2 0 2 
Putamen 0 3 3 
Subtotal 2 3 5 
Total 8 6 14 


TABLE 5: Brainstem Lesions—Frequency and Distribution of 
Lesions 





No. of Patients 





Location S 
Hemorrhagic Nonhemorrhagic Total 
Midbrain: 

Tectum 0 1 1 
Lateral tegmentum 1 1 2 
Ventral tegmentum 0 1 1 
Cerebral peduncle 0 1 1 
Subtotal 1 4 5 
Pons 1 3 4 
Medulla 0 2 2 
Total 2 9 11 





(Table 1). A number of excellent pathologic reports have dealt 
with the differentiation of primary and secondary forms of 
injury [11, 13, 17, 26-33]. Pressure necrosis, commonly 
associated with increased intracranial pressure and brain 
herniation syndromes, typically results when neural structures 
are compressed against rigid osseous and dural margins. 
This most commonly involved the cingulate (n = 5) and 
parahippocampal (n = 7) gyri in our series. It was often difficult 
to separate pressure necrosis from primary lesions (Fig. 3). 
The presence of significant mass effect, cisternal compres- 
sion, and midline displacement often suggested pressure 
necrosis. Territorial arterial infarction was encountered in only 
one patient (Fig. 6). Diffuse hemispheric brain swelling and 
edema were not apparent in any patient as an isolated pro- 
cess, but were always associated with an underlying injury to 
the brain (cortical contusion, diffuse axonal injury, extraaxial 
hematoma, territorial infarction). 


MR Imaging Plane and Pulse Sequences 


The visibility of a lesion on a particular pulse sequence was 
influenced by a number of factors (presence of hemorrhage, 
interval of time since injury, size and anatomic location of the 
lesion). The overall relationships between lesion detectability 
and the presence of hemorrhage for various MR pulse se- 
quences were examined in part 1 of this report [16]. The most 
important factor that affected lesion visibility was the MR 
imaging pulse sequence used. T2-weighted images were the 
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most sensitive over the whole course of injury (acute and 
subacute phases) and were similarly sensitive for hemorrhagic 
and nonhemorrhagic forms of injury. T1-weighted images 
were highly sensitive for hemorrhagic lesions, especially if the 
study was performed at least 3 days after injury. T1-weighted 
scans were less sensitive for nonhemorrhagic lesions and for 
very small (<1.0 cm) hemorrhagic lesions in the first 2 days 
after injury. T1-weighted images were slightly superior to T2- 
weighted images for the evaluation of the brainstem. This 
was primarily because small brainstem lesions were more 
often obscured on the T2-weighted scans by phase-shift 
artifacts arising from vascular and CSF pulsation. T2- 
weighted images were usually superior when these artifacts 
were absent. 


Ea 
” 


C 
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The MR imaging plane was less important than the pulse 
sequence in lesion detectability (Table 6). The axial and cor- 
onal planes showed similar sensitivities for detecting all types 
of lesions. This was true for both T1- and T2-weighted pulse 
sequences. For specific lesions, however, one plane of im- 
aging was often superior. The superficial lesions were seen 
best when the imaging plane was perpendicular to the cortical 
base of the lesion. Deep subcortical lesions were seen equally 
well with all imaging planes. The best plane for visibility of 
callosal lesions depended on the portion involved. Axial scans 
were superior for visualizing lesions in the genu and splenium 
(Fig. 2), while coronal scans were better for those within the 
body. Since brainstem lesions were usually small, multiple 
imaging planes were frequently helpful in detecting them. 





Fig. 6.—34-year-old comatose man who had several episodes of head trauma 1-3 weeks earlier. 

A-C, Sagittal T1-weighted inversion-recovery (TR = 2350 msec, TE = 600 msec) MR images (A and B) and T2-weighted spin-echo (TR = 2300 msec, 
TE = 80 msec) MR image (C) show subdural hematoma with sedimentation level (straight solid arrows). There are areas of infarction in inferomedial 
temporal lobe (curved arrows) and thalamus (open arrow), respectively, in distributions of posterior cerebral and thalamoperforating arteries. There is 
evidence of transtentorial and tonsillar herniation. Note marked compression of midbrain (arrowhead), fourth ventricle, and interpeduncular cistern as well 


as kinking of medulla (M). 


D, Autopsy specimen. Lateral view of left half of brain after midsagittal section confirms MR findings. 
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Multiple imaging planes were also helpful for classifying the 
type of traumatic lesion. For example, it was often difficult, 
with only one plane of imaging, to determine whether a small 
lesion close to the cortical surface was from diffuse axonal 
injury or cortical contusion. Only when the imaging plane was 
perpendicular to the adjacent calvarium was this reliably 
established (Fig. 1). 


Discussion 
Mechanisms of Cerebral Injury 


Holbourn [24, 25] was the first to systematically analyze 
the mechanisms by which traumatic stresses produce cere- 
bral injury. His experimental work, which used a gelatin model 
df the brain, has served as a fundamental basis for under- 
standing the mechanisms of cerebral injury. He analyzed the 
mechanics of injury from a physicist’s point of view and 
emphasized that injury to the brain could only occur through 
two types of structural deformations. Compression-rarefac- 
tion strain is characterized by a change in volume without a 
change of shape and is of minimal importance in the produc- 
tion of cerebral injury. Shear-strain deformation, however, is 
characterized by a change in shape without a change in 
volume and is responsible for the vast majority of mechanically 
induced lesions. The brain is relatively resistant to injury by 
compression-rarefaction strain because of its incompressibil- 
ity. Brain tissue is quite susceptible, however, to shear-strain 
injury, since this depends on rigidity to prevent deformation. 
The brain, unlike the highly rigid skull, has a low index of 
rigidity and is ineffective in preventing this type of deformation 
[24, 25]. 

Holbourn also described two major types of forces respon- 
sible for brain deformation and injury. The first type of force 
is localized to the site of impact and is from skull distortion 
(contact phenomenon). These injuries are produced by local- 
ized inbending and fracture of the skull and are mediated 
through shear-strain distortions localized to the superficial 
regions of the brain. Compression-rarefaction strain waves 
do emanate from the site of impact but, according to Hol- 
bourn, they play little or no role in injury. The second group 
of forces includes those that arise irrespective of skull defor- 
mation (linear acceleration, rotational acceleration, centrifugal 
force, Coriolis force). Of the four forces in this group, rotational 
acceleration plays the predominant role in the production of 
intraaxial cerebral lesions [14, 24, 25]. Rotational forces pro- 
duce traumatic lesions by deformation of brain tissue me- 
diated through shear strains. The other three forces are much 
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less important in the production of structural damage, either 
because the magnitude of the deforming force is small or 
because the force primarily exerts itself through deformations 
of the compression-rarefaction variety [13, 24-26]. 

Injuries from the shear-strains generated by rotational 
forces, aS would be expected; are more diffuse in location 
than those from skull deformation. The expected anatomic 
distribution of traumatic lesions induced by nonimpact rota- 
tional acceleration was experimentally mapped by Holbourn 
(24, 25] with a gelatin brain model. Despite the limitation of 
this model, the location and distribution of traumatic lesions 
in fatal head injuries [11, 13-15, 17, 22, 23, 28] and animal 
trauma models [13, 26, 27] have generally followed Hol- 
bourn’s theoretical predictions (Fig. 7). Injuries from rotational 
forces are expected to correspond closely in location to the 
sites of maximum shear-strain. Shear-strain will be greatest 
at the junction of tissues of different rigidity (gray/white-matter 
interface, brain/CSF interface, skull/brain interface, dura mat- 
ter/brain interface) [24, 25]. The location of rotationally in- 
duced shear-strain lesions is primarily dependent on the plane 
of rotation (Fig. 7) and is independent of the direction of 
rotation within a given plane. The location of maximum shear- 
strain is also independent of the distance from the center of 
rotation, the arc of rotation, and the intensity of the force. 
The magnitude of shear-strain, however, is dependent on 
these factors as well as on the duration of the rotational force. 
Figure 7 illustrates the location of maximum shear-strain for 
all three orthogonal planes of rotation [24, 25]. Holbourn [24, 
25] also emphasized that rotationally induced shear-strain 
deformations also act on nonneuronal tissue (penetrating 
blood vessels, bridging veins). 

For a number of years Holbourn’s classic work went ig- 
nored. Strich [22, 23] was the first to recognize the signifi- 
cance of Holbourn’s observations with the publication of a 
pathologic description of shear injuries of the white matter. 
Since that time, most of Holbourn’s observations have been 
largely supported by postmortem observations [11, 13-15, 
17, 27, 28]. It was not until Gennarelli et al. [13, 21, 26, 27] 
developed an animal model of cranial trauma, however, that 
Holbourn’s observations were confirmed experimentally. In 
an important series of experiments with a primate model of 
cranial trauma, these authors have confirmed that all of the 
major types of traumatic lesions can be reproduced by non- 
impact inertial loading of the head in an appropriate manner. 
The exact nature of the resulting injury will depend on the 
type (angular, linear), rate, duration, and plane of head accel- 
eration. 


TABLE 6: Sensitivities of MR Imaging Planes in Detecting Primary Lesions 





No. of Lesions Imaged/Total = % Sensitivity 


Type of Lesion Axial Plane Coronal Plane 
T1-Weighted T2-Weighted T1-Weighted T2-Weighted 
Diffuse axonal injury 71/90 = 78.9 140/149 = 94.0 40/58 = 69.0 59/67 = 88.1 
Cortical contusions 60/81 = 74.1 127/135 = 94.1 38/51 = 74.5 65/70 = 92.9 
Subcortical gray-matter lesions 9/10 = 90.0 13/14 = 92.9 3/5 = 60.0 8/8 = 100 
Brainstem 7/9 = 77.8 7/11 = 63.6 2/3 = 66.8 4/7 = 57.1 
Total 147/190 = 77.4 287/309 = 92.9 83/117 = 70.9 136/152 = 89.5 
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Classification and Distribution of Primary Traumatic Lesions 


It is apparent from the studies of Holbourn [24, 25] that 
most intraaxial traumatic brain lesions result from either (1) 
skull deformation or fracture (contact phenomenon) or (2) 
nonimpact stresses related to rotational acceleration. Fur- 
thermore, these two types of mechanisms are primarily me- 
diated through the same type of deformation (shear-strain). 
Since all traumatic lesions are produced by the same type of 
deformation and differ primarily by their location, it seems 
most valid to base their classification on the latter point. We 
believe the primary traumatic intraaxial lesions found in this 
study clearly fit into four anatomically well-defined categories: 
(1) diffuse axonal injury, (2) cortical contusion, (3) subcortical 
gray-matter injury, and (4) brainstem injury (Tables 2-5). This 
proposed classification scheme, based on the topographic 
and anatomic location of lesions, closely resembles that used 
by other authors [11, 13-17, 26-28, 32, 33]. We think that 
this simple method of classification is practical and applicable 
to both radiologic imaging and pathologic analysis. It also 
avoids imprecise nomenclature that may falsely imply mech- 
anistic processes (for example, coup/contracoup/intermedi- 
ary coup, contusion laceration, stretching contusion, gliding 
contusion) [11]. 

Previously, there has not been a satisfactory means for 
anatomically staging and classifying lesions in the living pa- 
tient. The GCS has provided a clinical means for judging the 
severity of injury, making decisions about the need for intra- 
cranial pressure monitoring, determining the prognosis for 
recovery, and comparing responses to treatment. Accurate 
anatomic classification of traumatic lesions would also be 
potentially useful for similar reasons. It might also prove 
helpful for further clarifying the mechanisms of cerebral injury. 
Despite these potential benefits, CT has not been particularly 
useful for classifying and staging injury. Its low sensitivity for 
nonhemorrhagic lesions and the difficulty of obtaining multi- 
planar images have severely limited its usefulness [13, 16- 
18]. 

MR offers distinct advantages over other imaging methods 
for classifying traumatic cerebral lesions. The ability of MR to 
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image in multiple planes is particularly beneficial since this 
makes lesion localization much easier (Fig. 1). Unless two 
planes of imaging are used, it is often difficult to differentiate 
a diffuse axonal injury lesion involving the gray/white-matter 
interface from a small cortical contusion. In addition, more 
lesions can be classified with MR than with CT because MR 
has a much higher sensitivity for nonhemorrhagic lesions (Fig. 
3) [16]. 

We believe there is little difficulty, with this classification 
scheme, in separating the various types of primary lesions, 
since the anatomic location of each type of lesion is distinctive. 
We did experience some difficulty in distinguishing primary 
and secondary lesions, since both types are often found in 
the same locations (Fig. 3). This problem, however, is not 
unique to MR, as it may also be difficult to make this distinc» 
tion at autopsy or on a histologic basis [11-15, 27-33]. 
Despite these problems, we believe that in most cases a 
distinction can be made with MR on the basis of the size, 
shape, distribution, and location of the lesions. It is possible, 
however, that a number of lesions that we believed to be 
primary were actually secondary. Much experience is needed 
in closely correlating the MR and histologic appearances of 
lesions in various stages of evolution to accomplish this goal. 
Sequential MR scanning, beginning shortly after trauma, may 
be helpful. 

An important limitation of the value of this prospective study 
is the lack of pathologic confirmation in the majority of our 
cases. Autopsy confirmation of the exact nature of the lesions 
was possible in only one patient, since 39 of 40 patients 
survived their injuries. Despite this limitation, we believe that, 
for the first time in the living patient, it is possible to detect 
and classify most types of traumatic injuries with MR. A 
comparison of the anatomic distribution of the lesions in our 
group of patients with that from pathologic [13-15, 17, 22, 
23, 28] and animal studies [13, 26, 27] reveals an identical 
overall pattern. The pattern of lesions seen in our patients 
(Tables 2-5) is also remarkably similar to the theoretical 
predictions of Holbourn [24, 25] (Fig. 1). The similarity in the 
patterns would suggest that MR does detect the full spectrum 
of lesions. 





7 = . 


Fig. 7.—Areas of maximum shear-strain and predicted distribution of 
traumatic intraaxial lesions for three orthogonal planes of rotational accel- 
eration. Expected location of traumatic lesions for rotation in sagittal (A), 


C 


coronal (B), and axial (C) planes. Greater frequency of lesions is to be 
anticipated in more darkly shaded regions, which represent areas of 
maximum shear-strain. (Adapted from [24].) 
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MR Imaging Plane and Pulse Sequences 


We believe that is is essential to obtain images that empha- 
size both T1 and T2 contrast differences in at least two 
different imaging planes to accurately detect, characterize, 
and classify traumatic lesions [16]. Generally speaking, T2- 
weighted images are most useful for lesion detection, both 
types of images are necessary for accurate detection and 
temporal staging of hemorrhagic lesions [20], and T1- 
weighted images are most useful for anatomically localizing 
the lesions for purposes of classification. The protocol that 
we find most practical for our particular scanner is as follows: 
(1) Sagittal T1-weighted images (short TR, short TE spin- 
echo scans) are initially obtained, the images of which are 
ysed to plan the imaging planes for the other pulse se- 
quences; (2) an axial T2-weighted (long TR, long TE spin- 
echo) study is then performed. If no abnormalities are seen 
on the first two sequences the examination is stopped. If 
traumatic lesions are visualized, then the study also includes 
(3) coronal T1-weighted images with either an inversion- 
recovery or short TR, short TE spin-echo sequence through 
regions of pathology. 
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Prospective Comparative Study of 
Intermediate-Field MR and CT in 
the Evaluation of Closed Head 
Trauma 





Forty patients with closed head trauma were evaluated prospectively with CT and 
intermediate-field-strength MR imaging to compare the diagnostic efficacies of the two 
techniques. Traumatic lesions were detected in 38 patients. The severity of injury, as 
determined by the Glascow Coma Scale, ranged from 3 to 14. The sensitivities of CT 
and MR were calculated for all subgroups of lesions: (1) hemorrhagic and nonhemor- 
rhagic intraaxial lesions (diffuse axonal injury, cortical contusion, subcortical gray-matter 
injury, primary brainstem injury); (2) extraaxial hematomas (subdural, epidural); and (3) 
diffuse hemorrhage (subarachnoid, intraventricular). 

CT and MR (T1- and T2-weighted) studies were both highly and comparably sensitive 
in the detection of hemorrhagic intraaxial lesions. MR scans, however, were much more 
sensitive in detecting nonhemorrhagic lesions. Cortical contusions and diffuse axonal 
injury constituted 91.9% of all intraaxial lesions. The sensitivities of the imaging tech- 
niques for this combined group of lesions were (1) nonhemorrhagic lesions (CT = 17.7%, 
T1-weighted MR = 67.6%, T2-weighted MR = 93.3%); (2) hemorrhagic lesions (CT = 
89.8%, T1-weighted MR = 87.1%, T2-weighted MR = 92.5%). MR was also significantly 
better in detecting brainstem lesions (CT = 9.1%, T1-weighted MR = 81.8%, T2-weighted 
MR = 72.7%). The sensitivities of the diagnostic studies in the detection of extraaxial 
hematomas were CT = 73.2%, T1-weighted MR = 97.6%, T2-weighted MR = 90.5%). 
Intraventricular hemorrhage was consistently seen with all three imaging studies, but 
subarachnoid hemorrhage was detected much more frequently with CT. 

In summary, MR has clear advantages over CT in evaluating closed head trauma. 
Although its sensitivity in detecting hemorrhagic lesions is similar to that of CT, it is 
much better than CT in detecting nonhemorrhagic lesions, which are more prevalent. 
MR is more useful than CT in classifying primary and secondary forms of injury and 
directing treatment. CT’s one advantage over MR is its ability to more rapidly assess 
unstable patients who may need surgery. 


During the past decade, CT has contributed significantly to the management of 
patients with closed head trauma [1-9]. CT has improved the survival and reduced 
the morbidity of patients with closed head trauma, primarily through the early 
recognition and treatment of extracerebral hemorrhage [1, 2, 5-9]. CT has been 
less beneficial, however, in the recognition and management of other types of 
cerebral injury [3-5, 9-14]. In the acyte phase, CT findings often do not correlate 
with neurologic impairment or the level of consciousness as measured by the 
admission Glascow Coma Scale (GCS) [9-15]. Although certain CT findings are 
associated with a poor outcome [3, 16-22], the extent of posttraumatic recovery 
of neurologic and cognitive function is generally not reliably predicted from the 
pattern of injury on the initial CT scan [5, 9-13]. The lack of correlation of CT 
findings with the acute and chronic sequelae of closed head trauma is due, in part, 
to the insensitivity of CT to many types of cerebral injuries [3, 9-11, 19]. Although 
MR imaging has been shown to be more sensitive than CT in detecting many 
diseases involving the CNS, it has not been extensively used for the evaluation of 
acute closed head trauma. A few reports deal only with subacute or chronic 
posttraumatic extracerebral hematomas [23-26]. A number of investigators have 
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studied the MR appearance of hemorrhagic lesions, but many 
of these lesions were not posttraumatic in nature [27-33]. A 
few series of patients with closed head trauma have also 
been studied by MR [34-39]. But one of these series was 
very small [35], and others included patients in the subacute/ 
chronic phase of injury [37-39]. A large prospective compar- 
ative study of CT and intermediate-field-strength MR has not 
been reported. In this study, we prospectively evaluated 40 
patients with acute closed head trauma to determine (1) the 
feasibility of MR for evaluating these patients and (2) the 
relative sensitivities of CT and MR for detecting various types 
of cerebral injuries. 


pubjects and Methods 


. A prospective comparative study of the usefulness of CT and MR 
for the evaluation of 40 patients with acute closed head trauma was 
initiated after approval of the protocol by our hospital's institutional 
review board. Inclusion in the study required a thorough neurologic 
evaluation and determination of the level of consciousness (GCS) 
[40] by an experienced neurosurgeon or neurologist within 6 hr of 
admission to the hospital. Patients who experienced transient loss of 
consciousness without focal neurologic deficits and who had com- 
plete recovery of consciousness within the first 12 hr were excluded 
from the study. Also excluded were patients who died shortly after 
hospitalization, those with contraindications to MR scanning, and 
those with multisystem trauma who were medically unstable. The 
age of the patients ranged from 1 month to 82 years (mean, 26.6 
years). Eight female and 32 male patients constituted the study group. 
The severity of injury, as measured by the admission GCS, ranged 
from 3 to 14 (mean, 9.8). 

The MR scans were obtained as soon as possible after injury but 
only after the patients were considered stable. The interval from injury 
to MR evaluation was 2-19 days (mean, 7.6; median, 5-6). The 
intervals between CT and MR studies for the study population are 
summarized in Table 1. Those patients with the most severe injuries 
were usually evaluated after the intracranial pressure had stabilized. 
Twelve patients were examined with MR while being mechanically 
ventilated with a fluidic ventilator, as recently described by Dunn et 
al. [41]. This was accomplished by modification of a Monaghan 225 
SIMV Volume Ventilator* to eliminate ferromagnetic material from the 
supporting stand. 

Nonenhanced CT scans were obtained in all patients within the 
first 24 hr after trauma by using a fourth-generation scanner.’ A slice 
thickness of 8 mm was used in all instances. MR was performed with 
a 0.5-T cryogenic system.* Thirty-nine patients were examined with 
both T1- and T2-weighted pulse sequences while one patient was 
studied only with a T2-weighted sequence. Scans were obtained with 
a contiguous interleaved multislice technique with a slice thickness 
of 10 mm. The T2-weighted scans were obtained with a spin-echo 
sequence with a repetition time (TR) of 2300-2900 msec and echo 
time (TE) of 80-120 msec. T1-weighted scans wêre obtained in 37 
patients with an inversion-recovery sequence with a TR of 2000- 
2300 msec and inversion time (Tl) of 500-600 msec and in 12 patients 
with a spin-echo sequence (TR = 400-1000 msec, TE = 25-40 
msec). Two or more imaging planes were used in 34 of 40 patients. 
Images were obtained in the axial plane in 39 patients, while the 
coronal and sagittal planes were used in 31 and 5 patients, respec- 
tively. 











* Monaghan Medical Corp., Plattsburg, NY. 
t Picker 600/1200 scanner (Picker International, Highland Heights, OH). 
* Picker International, Highland Heights, OH. 
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TABLE 1: Time Interval Between Head Trauma and CT and MR 
Scans 


SS a a e E 
No. of Patients 


No. of First Closest 
Days i il CT-MR CT-MR 
iii Scan Scan’ 

0 0 1 4 
1 0 6 9 
2-5 21 20 21 
6-8 1 8 4 
9-12 4 4 1 
13-19 4 1 1 


* The CT scan closest to the time of the MR scan. 


TABLE 2: Classification and Frequency of Primary Traumatic 
Brain Lesions in 40 Patients 





, No. of Total No. 
Type: Location Patients® of Lesions 
Intraaxial lesions: 
Diffuse axonal 34 149 
Cortical contusion 31 135 
Subcortical gray matter 8 14 
Primary brainstem 10 11 
Total a wo 
Extraaxial hematoma: 
Subdural 26 39 
Epidural 3 3 
Total xz g 
Diffuse hemorrhage: 
Subarachnoid 20 20 
Intraventricular 11 11 
Total 25 31 


* Some of the 40 patients had more than one type of lesion. 


The MR and CT scans were analyzed independently, and all 
visualized abnormalities were classified [42]. An attempt was made 
to differentiate between injuries resulting from the initial traumatic 
force (primary) and those arising from delayed posttraumatic (sec- 
ondary) causes such as diffuse brain swelling, brain displacement 
and herniation, delayed hemorrhage, cerebral infarction, and diffuse 
hypoxic injury [42]. In many instances it was difficult to separate 
primary and secondary damage. For purposes of statistical analysis, 
however, all focal abnormalities that were not obviously secondary in 
nature were classified as primary lesions (Table 2). Primary intracra- 
nial lesions were classified as (1) intraaxial lesions; (2) extraaxial 
hematomas (subdural, epidural); and (3) diffuse hemorrhage (intra- 
ventricular, subarachnoid). Intraaxial lesions were subclassified as 
diffuse axonal injury (white-matter “shear” injury), cortical contusion, 
subcortical gray-matter injury, or primary brainstem injury. All intraax- 
ial lesions were further separated into hemorrhagic and nonhemor- 
rhagic subsets. 

We used the following criteria to classify a lesion as hemorrhagic 
on MR. On T1-weighted images we required that the shortening of 
T1 by the paramagnetic properties of methemoglobin be of sufficient 
degree that the hematoma was at least partially hyperintense relative 
to white matter (Fig. 1). On T2-weighted images we required the 
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Fig. 1.—19-year-old man 2 days after head trauma. 
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A, Axial CT scan shows large basal ganglia intracerebral hematoma (H) with surrounding edema as well as intraventricular hemorrhage (arrows). 

B, and C, T1-weighted inversion-recovery (TR = 2100 msec, TI = 600 msec) (B) and T2-weighted spin-echo (TR = 2300 msec, TE = 80 msec) (C) scans 
confirm hematoma and intraventricular hemorrhage (open arrows). Large nonhemorrhagic diffuse axonal lesion is in splenium of corpus callosum (curved 
arrows), and bilateral subcortical gray matter lesions (arrowheads) are seen. Note.—Acute hematoma is hyperintense relative to brain parenchyma on 
T1-weighted image and hypointense on T2-weighted image. Intraventricular hemorrhage is hyperintense relative to CSF on T1- and T2-weighted scans 


and isointense relative to white matter on T1-weighted scan. 


presence of central hypointensity within the hematoma. As recently 
described by Gomori et al. [30], central hypointensity in acute he- 
matomas appears to be secondary to preferential T2 proton relaxa- 
tion enhancement caused by methemoglobin or deoxyhemoglobin 
within intact RBCs (Figs. 1 and 2). 

After initial individual analysis, the CT and MR scans were com- 
pared and the total number of lesions in each category determined. 
Since autopsy confirmation of the lesions was only possible in one 
patient, we required that a lesion be seen on more than one study 
(CT, T1-weighted MR, T2-weighted MR) or imaging plane (axial, 
sagittal, coronal) to be regarded as a true traumatic lesion. Equivocal 
abnormalities seen on only one study or imaging plane were omitted 
from further analysis. The sensitivities of CT and MR were determined 
from the tabulated data. Separate calculations were made for each 
MR pulse sequence, imaging plane, and category of intraaxial and 
extraaxial lesion. The influence of hemorrhage on lesion detectability 
was also assessed. 


Results 
Intraaxial Lesions 


The most common type of traumatic lesion identified in this 
series was diffuse axonal injury [21, 42-46]. These lesions 
have also been called shear lesions [3, 45] or diffuse damage 
to the white matter of the immediate-impact type [10, 13, 
46]. These lesions typically were less than 1 cm in greatest 
dimension, spared the adjacent cortical surface of the brain, 
and were located entirely within white matter or at the gray-/ 
white-matter interface. The vast majority (81.2%) of these 
lesions were nonhemorrhagic (Table 3). In the nonhemor- 
rhagic subset there was a marked difference in the sensitivi- 


ties of the three imaging studies. T2-weighted MR was most 
sensitive, detecting 92.4% of lesions. CT was very insensitive, 
detecting only 19% of lesions. Diffuse axonal lesions were 
typically seen by CT only if larger than 1.5 cm or located in 
the corona radiata or internal capsule. Small nonhemorrhagic 
lesions in other locations were rarely seen by CT (Figs. 2 and 
3). T1-weighted MR was also more sensitive (72.3%) than 
CT (19.0%) but less sensitive than T2-weighted MR. For the 
hemorrhagic subset, the sensitivities of all three imaging 
methods were quite high and very similar (T2-weighted MR, 
91.3%; T1-weighted MR, 86.2%; CT, 85.7%) (Table 3). 

The second most common type of traumatic lesion seen in 
our series was that involving the cortical surface of the brain 
(cortical contusion) [13, 43]. These lesions were usually much 
larger than diffuse axonal lesions, often being 2-4 cm in 
greatest dimension (Figs. 4-6). By definition, they were pri- 
marily localized to the cortical surface of the brain with relative 
sparing of the underlying white matter. There was a great 
tendency for confluence of the lesions and associated hem- 
orrhage. Hemorghage was detected in 51.8% of cortical con- 
tusions in this series (Table 3). All three imaging methods 
were very sensitive in the detection of hemorrhagic cortical 
contusions (T2-weighted MR, 92.4%; T1-weighted MR, 
87.5%; CT, 91.4%). The true size of the lesion (hemorrhagic 
and nonhemorrhagic components), however, was usually 
underestimated by both CT and T1-weighted MR (Figs. 4-6). 

T2-weighted MR was significantly more sensitive (95.0%) 
in the detection of nonhemorrhagic cortical contusions than 
was T1-weighted MR (58.3%) or CT (15.4%) (Figs. 4-6). In 
some instances a lesion could be indirectly suspected on CT 
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scans by local mass effect (ventricular or sulcal effacement), 
but the lesion itself was often not apparent. This was because 
the contrast between the normal and injured cortex was 
typically very low on CT scans. The relative insensitivity of 
T1-weighted MR was from very low contrast differences 
between normal cortex; surrounding CSF; and edematous, 
contused cortex (Fig. 5). The T1-weighted spin-echo images 
were slightly more sensitive than inversion-recovery images 
in lesion detection, although the latter were superior for 
anatomic delineation. 

Only 14 lesions were confined entirely to the subcortical 
gray matter. These involved the thalamus and lentiform nu- 
cleus (Fig. 1) and were similarly distributed between the 
hemorrhagic and nonhemorrhagic subsets (Table 4). The 
pattern of sensitivities for this small but clinically important 
[13, 44] number of lesions was similar to that for diffuse 
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Fig. 2.— 19-year-old man. 

A, Axial CT scan 1 day after head trauma 
shows very subtle 0.5-cm hemorrhagic lesion 
(arrow) consistent with diffuse axonal injury in 
deep white matter. 

B-D, Axial T1-weighted inversion-recovery 
MR image (TR = 2100 msec, TI = 600 msec) (B), 
axial T2-weighted spin-echo MR image (TR = 
2300 msec, TE = 80 msec) (C), and coronal T2- 
weighted spin-echo MR image (TR = 2300 msec, 
TE = 80 msec) (D) 2 days after head trauma 
confirm hemorrhagic diffuse axonal lesion (ar- 
rows) as well as multiple other nonhemorrhagic 
diffuse axonal lesions (arrowheads). 

The presence of acute hemorrhage is indi- 
cated on T2-weighted images (C and D) by cen- 
tral hypointensity (arrows). Note that the small 
hemorrhage is not hyperintense 2 days after 
trauma on T1-weighted image, as methemoglo- 
bin has not yet formed (D). Also present are 
multiple other hemorrhagic and nonhemorrhagic 
lesions. 


axonal injury and cortical contusion. Hemorrhagic lesions 
were detected accurately by all three examinations, while 
nonhemorrhagic lesions were poorly visualized with CT. 

Eleven brainstem lesions, thought to be primary lesions, 
were identified in 10 patients. All but one of the lesions were 
initially detected with MR. The lesion that was not seen initially 
by MR was identified retrospectively. T1- and T2-weighted 
images were similarly sensitive, detecting nine and eight 
lesions, respectively (Table 4). CT identified only one (hem- 
orrhagic) brainstem lesion. 


Extraaxial Hematomas 


Thirty-nine subdural hematomas were identified in 26 pa- 
tients. Thirty were supratentorial and located along the con- 
vexity, eight were interhemispheric or along the tentorium, 


AJR:150, March 1988 MR AND CT OF CLOSED HEAD TRAUMA 677 


TABLE 3: Sensitivities of CT and MR in the Detection of Cortical Contusions and Diffuse Axonal Injury 


——— mammal 


True Positive/Total = % Sensitivity 
Lesion: Study 








Diffuse Axonal Injury Cortical Contusion Total 
(n = 149) (n = 135) (n = 284) 
Nonhemorrhagic n= 121 n=65 n= 186 
CT 23/121 = 19 10/65 = 15.4 33/186 = 17.7 
T1-weighted MR: 
Axial 53/68 = 77.9 21/38 = 55.3 75/106 = 69.8 
Coronal 33/51 = 64.7 14/22 = 63.6 47/73 = 64.4 
Both views 86/119 = 72.3. 35/60 = 58.3 121/179 = 67.6 
T2-weighted MR: 
Axial 114/121 = 94.2 62/65 = 95.4 176/186 = 94.6 
Coronal 43/49 = 87.8 33/35 = 94.3 76/84 = 90.5 
Both views 157/170 = 92.4 95/100 = 95 252/270 = 93.3 t. 
Hemorrhagic: n = 28 n=70 n = 98 ° 
CT 24/28 = 85.7 64/70 = 91.4 88/98 = 89.8 
T1-weighted MR: 
Axial 18/22 = 81.8 39/43 = 90.7 57/65 = 87.7 
Coronal 7/7 = 100 24/29 = 82.8 31/36 = 86.1 
Both views 25/29 = 86.2 63/72 = 87.5 88/101 = 87.1 
T2-weighted MR: 
Axial 26/28 = 92.9 65/70 = 92.9 91/98 = 92.9 
Coronal 16/18 = 88.9 32/35 = 91.4 48/53 = 90.6 
Both views 42/46 = 91.3 97/105 = 92.4 139/151 = 92.5 





Note.—Some totals are greater than the number of lesions because more than one scan plane was used for some T1- and T2-weighted pulse sequences. 





Fig. 3.— 18-year-old man. 

A, Axial CT scan 1 day after cranial trauma appears normal except for very subtle subdural hematoma (arrowheads). 

B and C, T2-weighted spin-echo MR images (TR = 2300 msec, TE = 80 msec) 9 days after trauma. Subdural hematoma (arrowheads) is more easily 
appreciated on MR. Also present are focal nonhemorrhagic diffuse axonal lesions at gray-/white-matter interface (straight arrows) of frontal lobe and in 
splenium of corpus collasum (curved arrow), not apparent on CT. 


and one was infratentorial. T1-weighted MR identified all but lesions that were less than 3 mm thick. All lesions missed by 
one (97.4%) 2-mm interhemispheric lesion that was isointense T2-weighted MR, however, were hyperintense on T1- 
relative to adjacent brain parenchyma. T2-weighted MR iden- weighted MR and easily visible. 

tified 89.7% of the subdural lesions, missing four isointense Only 27 (71.1%) of 38 subdural hematomas were detected 
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Fig. 4.— 17-year-old man. 

A, Axial CT scan 1 day after cranial trauma reveals left subdural hematoma (arrowheads), bilateral hemorrhagic cortical contusions of inferior aspects 
of frontal lobes (solid arrows), and nonhemorrhagic diffuse axonal lesion of internal capsule (open arrow). 

B and C, T1-weighted inversion-recovery MR image (TR = 2100 msec, TI = 600 msec) (B) and T2-weighted spin-echo MR image (TR = 2300 msec, TE 
= 80 msec) (C) 5 days after trauma confirm left subdural (arrowheads) and small right subdural (curved arrows) hematomas. Bifrontal hemorrhagic cortical 
contusions (straight solid arrows) and nonhemorrhagic diffuse axonal internal capsule lesion (open arrows) are also seen. Extent of contusions is seen 
more clearly on T2-weighted scan. Also note hyperintensity of acute subdural hematoma on T1-weighted image but relative isointensity on T2-weighted 


image. 





Fig. 5.—25-year-old man. 

A, Axial CT scan 1 day after cranial trauma reveals bifrontal hemorrhagic contusions (arrows). 

B and C, T1-weighted inversion-recovery MR image (TR = 2100 msec, TI = 600 msec) (B) and T2-weighted spin-echo MR image (TR = 2300 msec, TE 
= 80 msec) (C) 5 days after trauma confirm bifrontal hemorrhagic contusions (straight solid arrows). There is also a nonhemorrhagic contusion of temporal 
lobe (curved arrows) and nonhemorrhagic diffuse axonal lesion in corpus callosum (open arrows). On T1-weighted image, note low level of contrast 
between edematous and normal temporal lobe cortex (curved arrow). 


on the initial CT scan. All of the 11 subdural hematomas that hematomas were visualized retrospectively when CT scans 
were missed by CT were considered clinically insignificant. were compared with MR scans. One large hematoma (14 
Only one of 11 missed subdural hematomas was more than mm) had obviously developed between the initial CT and MR 
5 mm thick; most were 1-3 mm. Five of these 11 subdural examinations and was excluded from statistical consideration. 
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Fig. 6.— 18-year-old man. 

A and B, Axial CT scans 1 day after trauma 
reveal acute epidural hematoma (arrows) and 
several small frontotemporal petechial hemor- 
rhagic contusions (arrowheads). Follow-up CT 
scan 2 days later (not shown) was unchanged. 

C, Coronal T1-weighted inversion-recovery 
MR image (TR = 2100 msec, TI = 600 msec) 6 
days after trauma reveals epidural hematoma 
(curved arrow) similar in intensity to adjacent 
parenchyma. It also shows adjacent temporal 
lobe hemorrhagic contusion (straight arrow). 

D and E, Axial T2-weighted MR images (TR = 
2300 msec, TE = 80 msec) also show acute 
epidural hematoma (curved arrows), which is 
iso-/hypointense relative to brain. Displaced 
dura (straight solid arrow) is seen between he- 
matoma and adjacent brain. T2-weighted scans 
more clearly show extent of nonhemorrhagic 
zones of injury around small frontotemporal pe- 
techial hemorrhagic contusions (arrowheads). 
Multiple nonhemorrhagic left frontotemporal 
contusions are also seen (open arrows). 
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TABLE 4: Relative Sensitivities of CT and MR in the Detection of Primary Brainstem and Subcortical Gray-Matter Lesions 





Type of Lesion No. 
CT 
Primary brainstem 11 1/11 = 9.1 
Subcortical gray 14 8/14 = 57.1 


True Positive/Total = % Sensitivity 


T1-Weighted MR 


9/11 = 81.8 
10/14 = 71.4 


T2-Weighted MR 


8/11 = 72.7 
14/14 = 100.0 





All three epidural hematomas identified in this series were 
larger than 5 mm in thickness and were readily seen by CT 
and T1- and T2-weighted MR (Fig. 6). 


Diffuse Hemorrhage 


In 20 patients there was enough subarachnoid blood after 
trauma to be recognizable on CT. In seven instances only a 
small amount of blood was present adjacent to a hemorrhagic 
cortical contusion. The blood was diffuse in 10 cases, local- 
ized to the sylvian fissure in two instances, and confined to 
the interpeduncular cistern in one patient. T2-weighted MR 
detected only those three focal clots within the sylvian and 


interpeduncular cisterns. We did not identify any subarach- 
noid clots with P1-weighted MR scans in this series. 

Eleven of 40 patients had evidence of intraventricular hem- 
orrhage. The majority of the patients had only a trace of blood 
and it was limited to the occipital horns, although in one case 
blood was also present in the third ventricle. Intraventricular 
hemorrhage was seen with T2-weighted MR in all 11 in- 
stances, with CT in nine cases, and with T1-weighted MR in 
five of seven patients whose scans included the region in 
which the blood was localized. In four patients, coronal T1- 
weighted scans were not obtained through the occipital horns. 
Intraventricular hemorrhage was always visualized on T2- 
weighted spin-echo scans (TR = 2300 msec, TE = 80 msec) 


as an area of hyperintensity within the dependent portion of 
the occipital horns (Fig. 1). On T1-weighted inversion-recovery 
scans (TR = 2100 msec, TI = 600 msec), the blood was 
always hyperintense relative to CSF and, depending on its 
age, either iso- or hyperintense relative to white matter. 


Discussion 


The best diagnostic imaging test for the evaluation of 
traumatic brain injury should possess a number of character- 
istics. It should be highly sensitive and specific, provide useful 
anatomic information for guiding therapeutic intervention, al- 
low classification of the type of injury, offer accurate prognos- 
tic information, and be easily and safely performed in severely 
injured patients. In the last decade CT revolutionized the care 
of patients with closed head trauma because it represented 
a significant improvement over previous diagnostic methods 
[1-9]. Despite its significant contribution to the management 
. ©f closed head trauma, CT suffers from a number of diagnos- 
tic limitations. Numerous authors have noted a marked dis- 
crepancy between the Clinical severity of injury and the CT 
findings in the acute setting [9-15, 34]. CT findings often 
correlate poorly with focal neurologic deficits, as well as with 
more global indicators of cerebral injury such as intracranial 
pressure and level of consciousness. Autopsy and histopath- 
ologic studies confirm the relative insensitivity of CT to many 
forms of neural injury [13, 16, 43, 44, 46]. The primary 
deficiency of CT is its insensitivity to small nonhemorrhagic 
lesions (Table 3). These lesions are difficult to discern because 
the difference in X-ray attenuation between normal and injured 
brain is small, resulting in a low level of contrast between 
these tissues (Figs. 1, 2, and 6). Since many nonhemorrhagic 
lesions are not detected, therapeutic decisions must be made 
without complete delineation of the extent of injury. Previ- 
ously, CT has been used mainly to diagnose “surgical” lesions. 
Choosing proper “medical” therapy and judging the prognosis 
of recovery has been primarily based on the clinical manifes- 
tations of injury (GCS, intracranial pressure, neurologic ex- 
amination) [34, 37]. 

Early experience with MR suggested that it might be more 
sensitive than CT in detecting some types of traumatic lesions 
[23-39]. Our prospective study has confirmed that MR is 
more sensitive than CT for detecting all types of traumatic 
lesions, with the exception of subarachnoid hemorrhage. 
Although the difference in sensitivity was minimal for the 
hemorrhagic lesions, there was a great discrepancy for non- 
hemorrhagic intraaxial lesions. An increased sensitivity might 
be expected with MR, since differentiation of normal and 
injured tissues with this technique depends on several imag- 
ing parameters. Lesion contrast is influenced by relative dif- 
ferences in the T1 and T2 relaxation times of the tissues as 
well as the proton density [23-25, 29-35]. The superior 
sensitivity of MR for nonhemorrhagic lesions is most likely 
from its greater ability to detect local alterations of water in 
injured tissues. Neural injury, like most pathologic processes, 
is invariably accompanied by changes in the local water 
environment [43]. Intracellular edema may accompany 
trauma-induced alterations of cellular metabolism from hy- 
poxia or hypoxemia. Extracellular edema may be produced 
by disruption of the blood-brain barrier or as a result of direct 
injury to the axons (axoplasmic leakage) [43]. 

MR was also superior in the detection of extraaxial hema- 
tomas, although the difference was less striking. The only 


lesions typically missed by CT were very small, clinically silent 
subdural hematomas usually less than 3 mm in thickness. 
These small, high-density lesions were very hard to distin- 
guish from adjacent bone on CT scans obtained at standard 
window settings (Figs. 3 and 4). They were easily seen, 
however, with either T1- or T2-weighted MR scans as high- 
intensity lesions adjacent to the signal void of cortical bone. 
Since both the CT and MR scans were analyzed without the 
benefit of optimizing the image contrast on the monitor, this 
factor does not bias against CT. Rather, the wider latitude of 
contrast differences between the hematoma and adjacent 
structures was responsible for MR’s greater sensitivity. The 
sensitivities of CT and MR were similar for intraventricular 
hemorrhage. We concur with others, however, that CT has a 
significant advantage over MR in the detection of acute/ 
subacute subarachnoid blood [32, 37]. Visualization of sub- 
arachnoid hemorrhage with MR was difficult in the acute 
phase unless it was a large, localized clot. 

There are a number of methodologic observations concern- 
ing this study that should be emphasized when comparing 
the relative sensitivities of MR and CT. Owing to medical and 
logistic reasons, the CT and MR scans could not usually be 
obtained on the same day. CT was usually performed first, 
so that therapeutic decisions could be made on the basis of 
a proven diagnostic method. MR was performed only after 
the patient was considered stable, usually resulting in a delay 
between CT and MR of zero to 10 days. For this reason it is 
possible that some traumatic lesions became more apparent 
over time, thus improving the sensitivity of MR. Although this 
factor may have been operative, it cannot be the sole expla- 
nation for the vast differences in the sensitivities of the two 
methods. To test the importance of this factor, we also 
compared the sensitivities of initial or follow-up MR or CT 
scans obtained within 1 day of each other (Table 5). The 
sensitivities in the 13 patients in this subgroup were (1) 
nonhemorrhagic parenchymal lesions (CT, 26.8%; T1- 
weighted MR, 61.1%; T2-weighted MR, 100%) and (2) hem- 
orrhagic parenchymal lesions (CT, 84.8%; T1-weighted MR, 
80.6%; T2-weighted MR, 90.9%). Although a few more non- 
hemorrhagic lesions were detected on the follow-up CT 
scans, more small hemorrhagic lesions were missed. 

Because the MR scans were usually obtained after the CT 
scans, the possibility also exists that the MR examinations 
were “tailored,” thus improving the MR sensitivity. This is not 
apparent to us from looking at our data, since a “routine” MR 
examination consisted of both a T1- and T2-weighted study, 
usually in at least two planes. In no instance was the slice 
thickness for the MR scans smaller than that for CT. The CT 
scans generally were not available to the MR examiner before 
the MR study. 

It is also possible that the additional lesions seen with MR 
resulted from interval development of new (secondary) le- 
sions. Previous authors have shown that, in up to 19% of 
patients whose clinical condition deteriorates after trauma, 
delayed hematomas will be evident [22]. In those patients in 
our series, however, who were restudied with CT for inter- 
vening neurologic deterioration, no delayed intraaxial hema- 
tomas were detected. It is apparent also that the discrepancy 
in sensitivity was in the nonhemorrhagic subset of lesions 
rather than the hemorrhagic lesions. It is possible that other 
intervening nonhemorrhagic secondary forms of injury (infarc- 
tion, hypoxia, pressure necrosis, etc.) could explain the ad- 


TABLE 5: Sensitivities of CT and MR in 13 Patients in Whom the Studies Were Performed 1 Day Apart 





Type of Lesion 
ave CT 
Subdural/epidural 14/16 = 87.5 
Parenchymal 
Nonhemorrhagic 11/41 = 26.8 
Hemorrhagic 28/33 = 84.8 
Total 39/74 = 52.7 


True Positive/Total = % Sensitivity 


T1-Weighted MR T2-Weighted MR 


16/16 = 100.0 16/16 = 100.0 
22/36 = 61.1 41/41 = 100.0 
25/31 = 80.6 30/33 = 90.9 
47/67 = 70.1 71/74 = 95.9 





Note.—interval from injury to MR examination: mean = 6.6 days, range = 2-19 days. 


ditional lesions seen by MR [43]. This seems unlikely in view 
of the data in Table 5 and because the clinical course of the 
patients was one of improvement rather than deterioration. 
Thus, it seems clear to us and in agreement with others [34, 
37, 39] that MR is truly much more sensitive than CT in 
detecting traumatic lesions. 

Early reports suggested that low- and intermediate-field- 
strength MR systems would be less sensitive for detecting 
acute hemorrhage [30]. The low signal intensity within acute 
hematomas on T2-weighted MR scans is thought to be from 
a heterogeneity of magnetic susceptibility caused by intracel- 
lular deoxyhemoglobin or methemoglobin. It is directly pro- 
portional to the square of the main magnetic field [30]. The 
difference in the magnetic susceptibility effects between a 
0.5- and 1.5-T system should differ by approximately one 
magnitude. It is expected, therefore, that the hypointensity of 
acute hematomas at 0.5 T would be significantly less than at 
1.5 T. We found this to be true, although the effect was still 
adequate enough at 0.5 T to detect acute hematomas as 
accurately as CT did in the first 4 days after trauma (Table 3). 
The intraparenchymal hematomas were always surrounded 
by peripheral halos of edema. This always aided in contrasting 
the central hypointensity of the hematomas with adjacent 
normal brain parenchyma. Although there are distinct theo- 
retical advantages of higher magnetic fields for detection of 
acute hemorrhage, we believe that this is of lesser practical 
significance in the clinical imaging of patients. We believe that 
our data support the fact that acute hematomas can be 
accurately imaged in the first 4 days after trauma with an 
intermediate-field-strength system with strongly T2-weighted 
spin-echo pulse sequences (TR = 2300 msec, TE = 80-120 
msec). Others have also reported visualization of central 
hypointensity in acute hematomas with intermediate-field- 
strength MR systems [32, 33, 47]. Recently, Edelman et al. 
[33] have also shown that it is possible to maximize the 
differences in magnetic susceptibility at intermediate and low 
field strengths. By using small radiofrequency pulse angles 
and gradient-recalled echoes, they have shown that acute 
hematomas can be detected easily at these field strengths. 

The specificity of MR (and CT) in lesion characterization is 
difficult to determine from our study since surgical and path- 
ologic confirmation of the lesions was not possible in the vast 
majority of patients. Two large intracerebral hematomas were 
surgically confirmed in two patients. Four extraaxial hemato- 
mas were surgically confirmed in four patients, and bilateral 
subdural hematomas were confirmed at autopsy in one pa- 
tient. The other lesions in this series remain pathologically 
unsubstantiated but closely resemble the primary traumatic 
lesions described in many autopsy series in their location, 
size, distribution, and character [10, 13, 42-46]. The possi- 
bility should be considered that a few of the lesions that were 


detected by MR and CT were preexisting nontraumatic le- 
sions (demyelinating disease, subcortical arteriosclerotic en- 
cephalopathy, infarcts, etc.) It is doubtful, however, that 
preexisting disease could explain the vast majority of lesions 
seen in this series. The clinical histories did not reveal any 
patients with prior neurologic symptoms compatible with dee 
myelinating disease or stroke. The mean age of the study 
population was only 26.6 years, and only 12.5% of patients 
were more than 40 years old, making it unlikely that vascular 
disease could account for any significant percentage of the 
lesions. Only one of the five patients older than 40 had a 
history of hypertension and vascular disease. Five subcortical 
lesions were found in this patient, and they were considered 
to be of indeterminate cause, compatible with either diffuse 
axonal injury or lacunar infarcts. These lesions were therefore 
excluded from statistical analysis. One of the five patients 
older than 40 had a normal MR scan, and in the three 
remaining patients the lesions were not suggestive of vascular 
disease. 

MR also appears to be greatly superior to CT in its ability 
to precisely localize a lesion for purposes of classification. As 
Gennarelli [14] and others [20, 37, 43, 44, 46] have pointed 
out, it is important to accurately classify the various traumatic 
lesions since the prognosis, frequency of secondary compli- 
cations, mechanism of injury, and therapeutic management 
may be quite different. MR is advantageous because direct 
multiplanar images allow a more precise localization of the 
lesion. Multiplanar images also provide a better three-dimen- 
sional view of the lesion, helping to separate primary from 
secondary forms of injury [42]. 

Our report indicates that MR is not only useful in patients 
with closed head trauma but that it is also quite feasible. 
Evaluation of respirator-dependent patients is more problem- 
atic with MR than with CT. A ventilatory system should be 
used that does not contain ferromagnetic materials, and close 
monitoring of patient’s ventilation is required [41]. Monitoring 
of other vital systems is also more difficult than with CT 
scanning, but is also feasible [41]. Imaging mechanically 
ventilated patients was often advantageous, however, since 
agitated or combative patients could be pharmacologically 
paralyzed to eliminate motion artifacts. 

Our study agrees with those of others who suggest that 
MR is valuable for detecting and characterizing traumatic 
lesions [23-37]. Most of these reports, however, were retro- 
spective studies of patients with minimal intracranial injuries, 
subdural hematomas without intraparenchymal lesions, or 
studies of patients with a mixture of acute and chronic head 
injuries. Our study constitutes the first large prospective study 
comparing CT with intermediate-field-strength MR for detect- 
ing traumatic lesions in patients with moderate to severe 
acute closed head trauma. When using a 0.5-T system, our 


conclusions are similar to those of Zimmerman et al. [34] in 
their retrospective study with a 1.5-T system. We agree that 
MR is significantly more sensitive than CT in the detection of 
acute and subacute nonhemorrhagic parenchymal lesions, 
small acute subdural lesions, subacute subdural lesions, sub- 
acute hemorrhagic lesions, brainstem injuries, and infarcts. 


In summary, MR has significant advantages over CT in 


evaluating patients with closed head trauma. MR is similar in 
sensitivity to CT for detecting hemorrhagic lesions but vastly 
superior to CT in detecting the much more prevalent nonhem- 
orrhagic lesions. MR is also more useful than CT for charac- 
terizing and classifying primary and secondary forms of injury 
[42]. More accurate detection and delineation of traumatic 
lesions with MR should permit more accurate prediction of 
neurologic and cognitive recovery and assist in optimizing 
“medical” forms of treatment. Because a more rapid assess- 
ment of “surgical” lesions can be made with CT, it is still of 

« rime importance for the initial evaluation of unstable patients 
with head injuries. 
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Gradient Echo (GRASS) MR 
Imaging in Cervical Radiculopathy 





Limited flip angle (LFA), gradient echo imaging was performed in 130 patients for 
evaluation of cervical radicular complaints. The LFA study was compared with myelog- 
raphy, CT myelography, and surgical results. Image quality was considered good or 
excellent for 128 patients. The use of a 10° flip angle with a TR of 75 msec and TE of 
12.3 msec consistently provided good contrast and signal-to-noise ratio, giving a CT 
myelographic effect. The use of both axial and sagittal LFA images was important for 
optimal detection of extradural defects and for distinction of herniated disk versus 
osteophyte. There was excellent correlation between the MR and surgical findings. 

Our results suggest that MR imaging is the initial procedure of choice for the evaluation 
of suspected cervical radiculopathy. 


Myelography and CT have been the standard methods for demonstrating degen- 
erative spondylosis and herniated disks. The complications and patient discomfort 
inherent in intrathecal injection of contrast medium and subsequent imaging are 
well established [1-7]. MR imaging of the cervical spine is being used with 
increasing frequency to study these patients [8-11]. In most patients with clinically 
significant findings, however, myelography and CT are often performed after MR 
imaging and before surgery. New limited flip angle (LFA) MR imaging techniques in 
such patients may obviate the need for myelography and CT in making a diagnosis 
and meticulously delineating anatomy preoperatively [12-14]. High-resolution im- 
aging of the cervical spine in the axial and sagittal planes with clear distinction of 
bony and disk margins, neural foramina, nerve roots, CSF, and spinal cord can be 
achieved with recently developed gradient recalled acquisition in the steady state 
(GRASS) techniques [12]. Another advantage of LFA imaging is rapid data acqui- 
sition, which improves the clinical efficiency of the examination and minimizes 
patient discomfort and motion. 


Subjects and Methods 


One hundred and thirty consecutive patients with known or suspected cervical radiculop- 
athy were studied with MR LFA techniques between August 1986 and December 1986 with 
a 1.5-T GE Signa MR system. Imaging parameters included 5-mm-thick sections, contiguous 
imaging, 128 x 256 acquisition matrix, 24-cm field of view, four excitations (two averages), 
flip angle of 10° or 20°, TR = 75 msec, and TE = 12.3 msec. It generally required 16 
sequential single axial sections to include the C3-T1 levels. LFA images were performed in 
the axial (n = 130) and sagittal (n = 75) planes. A flow compensation regimen (gradient 
moment nulling) was used with the GRASS sequences [12]. Image quality of the LFA studies 
was rated as poor, good, or excellent. T1-weighted (spin echo TR = 600, TE = 20 msec) 
and T2-weighted (spin echo TR = 2500, TE = 30 and 60 msec) sagittal images were also 
acquired. Myelography was done in 20 patients after intrathecal instillation of iopamidol 
(Isovue M-200 or 300).* CT myelography was performed after the cervical myelogram in 16 
individuals. MR, CT, and conventional myelographic studies were divided into four groups 
depending on the dominant findings: (1) normal; (2) ventral extradural ridging, central; (3) 


* Squibb, New Brunswick, NJ. 





Fig. 1.—Optimizing flip angle for gradient 
echo imaging. 

A-D, Axial MR images (TR = 75 msec, TE = 
12.3 msec). TR and TE are held constant while 
flip angle is varied (10°, 15°, 20°, and 30°). 
Although signal-to-noise ratio is best at 30°, the 
contrast between spinal cord and surrounding 
CSF is best at 10°, and signal-to-noise is suffi- 
cient. 

E-H, Sagittal MR images (TR = 75 msec, 
TE = 12.3 msec). Signal-to-noise ratio is again 
best at 30° but cord vs CSF contrast is best at 
10° flip angle. 
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ventrolateral extradural, degenerative spurring; and (4) ventrolateral 
extradural, herniated disk. Pathologic confirmation of the diagnosis 
at surgery was obtained in 13 patients. 


Results 


Image quality, evaluated from the LFA images, was judged 
as excellent (n = 95), good (n = 33), or poor (n = 2). A 10° 
or 15° flip angle provided better image contrast of the spinal 
cord versus surrounding subarachnoid space than a 30° flip 
angle when using TR = 75 msec and TE = 12.3 msec (Fig. 
1). The signal intensity of the CSF was greater than the spinal 
cord, similar in appearance to that seen with intrathecally 
enhanced CT scanning (Fig. 2). There was no significant CSF 
pulsation artifact. The central portion of the spinal cord was 
of higher signal intensity than the periphery on axial images, 
suggesting a distinction of central gray from surrounding 
white matter and/or truncation artifact because the shape 
does not precisely coincide with the anterior and posterior 
horns (Fig. 3). A thin central ribbon of high signal intensity 
was seen on the sagittal 128 x 256 matrix images of the 
spinal cord and was absent on 256 x 256 matrix images, 
consistent with truncation artifact [15]. The upper cervical 
cord and cervicomedullary junction were also visualized on 
the cervical studies. The neural foramina were routinely evi- 


Fig. 2.—Spin echo vs GRASS images of cer- 
vical spine. 

A and B, T1-weighted spin echo images 
(TR = 600 msec, TE = 20 msec) at C5-C6 level 
depict spinal cord excellently. Surrounding CSF 
is also well defined but extradural defects are 
difficult to visualize (e. g., both CSF and bony 
degenerative abnormalities are low signal inten- 
sity). 

C and D, Gradient echo (GRASS) images 
(TR = 75 msec, TE = 12.3 msec, flip angle at 
10°) at same C5-C6 level clearly define spinal 
cord, surrounding CSF, neural foramina, and ex- 
iting C6 nerve roots. CT myelographic appear- 
ance improves the ability to readily differentiate 
normal from abnormal studies. 
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dent on axial studies and contained linear, lower signal inten- 
sity nerve roots (Fig. 3). The cervical vertebral bodies were of 
lower signal intensity than the intervening disks. 

Thirty-one studies were judged normal. Neither surgery nor 
conventional or CT myelography was performed on these 
patients. 

Extradural defects were apparent in 99 of 130 MR studies. 
Both conventional and CT myelography were performed in 
20 patients, and five patients had nonenhanced CT with 
confirmation of the MR findings in all cases. The extradural 
defects, whether central or lateral, were clearly delineated 
due to compression of the neural foramina, nerve roots. and 
adjacent subarachnoid space. The distinction of osteophyte 
versus herniated disk material was apparent in the majority 
of cases (Table 1). Degenerative bony ridging was of lower ° 
Signal intensity than disk material (Fig. 4). The herniated disk 
(Fig. 5) often created a smooth, lateralized compression of 
the subarachnoid space on the sagittal MR studies that 
resembled a double density on a lateral conventional myelo- 
graphic study. Larger extradural defects resulted in spinal 
cord compression and often posterior displacement. The ver- 
tical band of increased signal intensity in the central spinal 
cord was focally lost with milder cord effacement from either 
bony ridge or herniated disk. The MR study always provided 
equivalent and, at times, additional information, compared 
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Fig. 3.—Normal GRASS MR of cervical spine. 

A-D, Axial MR images (TR = 75 msec, TE = 
12.3 msec, flip angle at 10°). Clear delineation 
of spinal cord, CSF, neural foramina, and nerve 
roots at C4-C5 and C5-C6 levels. Also note 
carotid artery bifurcation, vertebral arteries, and 
jugular vein. 

E and F, Sagittal MR images (TR = 75 msec, 
TE = 12.3 msec, flip angle at 10°). Cervical spinal 
cord and cervicomedullary junction are normal. 
Central, ventral extradural defects (mixed disk 
and osteophyte) cause compression of CSF 
space but not of spinal cord. White line in center 
of spinal cord represents a truncation artifact on 
this 128 x 256 matrix image. 

G and H, Sagittal MR images (TR = 75 msec, 
TE = 12.3 msec, flip angle at 10°). Linear artifact 
in center of spinal cord is not seen (256 x 256 
matrix). 





with myelography and CT. A subtle, but definite sign of an should be similar in size, creating an oblong shape of equal 
extradural defect on the axial images was loss of the in- thickness (Figs. 2 and 3). The correlation of surgical pathology 
creased signal intensity CSF anterior to the spinal cord. The and the GRASS MR findings was excellent (Table 2). There 
anterior CSF space and the space posterior to the spinal cord was lack of correlation only at the level where the bony 
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Fig. 4.—Ventrolateral extradural defect, C7 
radiculopathy. GRASS images (TR = 75 msec, 
TE = 12.3 msec, flip angle at 10°) at C7-T1 (A), 
C6-C7 (B and C), and C5-C6 levels (D). Promi- 
nent ventrolateral extradural defect (arrow) on 
right at C6-C7 level causes compression of sub- 
arachnoid space, neural foramen, and C7 nerve 
root. Extradural defect is of mixed low and inter- 
mediate signal intensity, consistent with hard 
and soft disk material, respectively. Characteri- 
zation of degenerative bony versus herniated 
disk material often requires sagittal image infor- 
mation due to partial volume averaging effects. 


Fig. 5.—Herniated cervical disk. GRASS im- 
ages (TR = 75 msec, TE = 12.3 msec, flip angle 
at 10°) at C6-C7 levels (A and B) and at C5-C6 
levels (C and D). A small herniated disk (arrow) 
is present on the left at C5-C6 level, causing 
compression of subarachnoid space but not of 
the neural foramen. The intermediate signal in- 
tensity distinguishes this soft disk from uncov- 
ertebral spurring. 
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TABLE 1: GRASS MR Imaging in Cervical Radiculopathy 





A. Diagnosis 

Normal (n = 31) 

Extradural defects (n = 99) 
Central, ventral (52) 
Ventrolateral 

Degenerative (osteophyte) (26) 
Herniated disk (4) 
Degenerative/herniated (17) 

B. Imaging quality 

Excellent (95) 

Good (33) 

Poor (2) 

C. GRASS correlation 

CT/myelography (25/25) 

Surgical (13/13) 





TABLE 2: GRASS/Surgical Pathology Correlation’ 





Surgical GRASS 
Pathology Correlation 

Ventral extradural 

Degenerative 15 15 

Herniated disk 1 1 
Ventrolateral extradural 

Degenerative 12 11 

Herniated disk 2 2 


SS E 
* Results are from 13 patients in whom 30 locations were surgically 
explored. 


degenerative abnormality on the MR study was more promi- 
nent on the right, while surgery was performed on the left 
(the side of milder MR abnormality) due to clinical symptom- 


atology. 


Conclusions 


Conventional spin echo imaging paradigms have provided 
excellent delineation of the spinal cord for the evaluation of 
myelopathy but have proved somewhat disappointing when 
used to detect the source of radiculopathy [9]. The emer- 
gence of variable flip angle, gradient echo pulse sequences 
greatly enhances the ability to obtain diagnostic images for 
the clinical evaluation of cervical radiculopathy. The major 
advantage of the variable flip angle, gradient echo method 
(compared with spin echo sequences) becomes most appar- 
ent when imaging the cervical spine in the axial plane. There 
is sharp delineation of bone and disk margins, excellent 
contrast between the spinal cord and surrounding subarach- 
noid space, and clear visualization of the neural foramina and 
exiting nerve roots. The visual effect of these noninvasive MR 
images is similar to that of intrathecally enhanced CT (CT 
myelographic effect). The gradient echo technique has the 
additional advantage of providing good signal-to-noise ratio 
with a short acquisition time [12]. 

Central and ventrolateral extradural defects were readily 
delineated using variable flip angle MR imaging. There was 
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clear distinction of nerve roots, neural foramina, and spinal 
cord impingement. Surgical correlation with the gradient echo 
images was excellent. The MR studies gave equal or more 
detailed information compared with myelography/CT in all 
cases in which both were performed. 

Degenerative bony ridging was of lower signal intensity 
than herniated disk material. This distinction was often difficult 
using axial, 5-mm sections, and it is thus critical to analyze 
carefully both axial and sagittal images to make this differen- 
tiation. In 17 cases we were unable to definitely differentiate 
osteophytes and disk material, generally due to the extradural 
defect containing a mixture of both. Larger extradural defects 
compressed not only the subarachnoid space and nerve roots 
but also displaced the spinal cord. Subtle cord effacement 
resulted in loss of the central cord region high signal intensity. 
This high signal intensity is related to a truncation artifact [15] 
that is seen with a 128 x 256 acquisition matrix, but not with 
a 256 x 256 matrix. It is also important to recognize that 
even mild to moderate effacement of the anterior subarach- 
noid space on axial images is diagnostic of an extradural 
defect. 

The limited flip angle MR images were obtained with a 
GRASS pulse sequence and gradient moment nulling (flow 
compensation) to eliminate signal loss from motion-induced 
temporal and spatial phase shift [12]. Pulse flip angles of less 
than 90° produce a greater signal than the traditional 90° 
pulse used for spin echo imaging, particularly when used with 
a short TR. The shorter flip angle is followed by a negative 
gradient in the readout direction causing dephasing of spins 
and then a positive gradient causing rephasing [12]. By 
obtaining a series of images with a TR of 75 msec and TE of 
12.3 msec, we empirically determined that even though the 
signal-to-noise ratio was greatest with a 30° flip angle the 
contrast between the spinal cord and surrounding subarach- 
noid space was greatest at a 10° flip angle. We chose a TR 
of 75 msec for a better signal and because a shorter TR (e. 
g., TR-25 msec) sequence was extremely uncomfortable (loud 
gradient knocking) for the patient. Imaging contrast and rela- 
tive relaxation time weighting in GRASS imaging are thus 
related not only to the operator-selected TR and TE, as with 
spin echo imaging, but also to pulse flip angle. 

The use of limited flip angle GRASS imaging greatly facili- 
tates the clinical evaluation of cervical radiculopathy. A routine 
cervical study can now be performed in 21 min, 53 sec using 
the following pulse sequences: (1) sagittal multislice spin 
echo, TR = 600 msec, TE = 20 msec, 256 x 256 matrix, two 
excitations; (2) sagittal GRASS, TR = 75 msec, TE = 12.3 
msec, flip angle 10°, 256 x 256 matrix, four excitations, 5 
slices; and (3) axial GRASS, TR = 75 msec, TE = 12.3 msec, 
flip angle 10°, 128 x 256 matrix, four excitations, 24-cm field 
of view, and approximately 16 slices (C3-T1). All images are 
flow compensated, and contiguous 5-mm-thick (0 skip) sec- 
tions are used. The major limitation of the GRASS images is 
that they provide suboptimal visualization of spinal cord dis- 
ease. In patients presenting with myelopathy an additional 
sagittal multislice, multiecho, flow compensated spin echo 
pulse sequence (TR = 2000 msec, TE = 35/70 msec, 128 x 


-— 
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256 matrix, two excitations) is performed. This study sug- 
gests that MR imaging may obviate the need for the more 
invasive myelography and CT scanning in individuals with 
suspected cervical radiculopathy. 
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